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2 MODERN SCREW-PROPULSION. 

ance, skin friction of the hull, disturbance of the water, and the nature of the currents 
therefrom ; action of the screw, its pitch, its other proportions and form ; positive and 
negative slip, with other incidental phenomena bearing on the motion of floating bodies. 
To analyse all these subjects separately is scarcely requisite, as they have such a decided 
relation to each other that it will be better to allude to them in combination. 

To begin, then, what is the cause of the resistance which the hull encounters when 
in motion afloat ? It is the weight of the water displaced by the progressive motion of 
the hull and its friction against the immersed portion of the ship in motion. It is 
obvious, also, that the deeper the immersion the greater will be the resistance to the 
displacing portion of the hull, on account of the greater pressure on the wetted sur&ce 
of the vessel. The fluid resistance which a ship contends with is of two kinds — that due 
to the action of waves as when steaming against a head sea, and keel or continuous re- 
sistance ; the first is of unequal power or force, while the latter is constant. The bottom 
resistance, however, demands the greatest attention, as on it principally depends the 
reason why a particular form of the hull determines the speed. Currents also affect the 
grip of the screw, to which fact reference will hereafter be made. The lines of the hull 
have also a great influence upon the skin friction or resistance of the water. Fine lines 
for the fore-and-aft body of the hull are the best for entering and leaving the water 
displaced, as far as resistance is concerned. 

Now, with reference to the continuous resistance, we have the fact fully demon- 
strated that the deeper the immersion of the body in the fluid the greater the action of 
contact or resistance. This being certain, may we not conclude also that the less the 
immersions-displacement being also considered — ^the less wiU be the resistance, thus 
proving the advantage of the fiat-bottom hulls lately constructed. The question, indeed, 
becomes a matter of surface and weight, as these mainly determine the amount of skin 
friction. For example, let two hulls be of the same tonnage, the one 10 ft. draught and 
the other 15, the width of beam being relatively 15 and 10 ; with the lighter draught, 
less deeply immersed surface and lower pressure of fluid would be productive of buoyancy ; 
but in the other example, deeper draught, narrower beam, and denser water would 
uphold the hull. 

From these considerations we can readily understand how the narrow and wide hulls 
are sustained in the water, and can appreciate the well-known fact that a flat-bottomed 
huU is more rigid in a sea way than the sharper form with the " quick rise " at the side, 
as it is termed. There will, however, be more skin friction with the flat-bottomed ship, 
because it has more siu^ace than the narrower beam, although the latter is immersed 
deeper than the former. 

Attention must next be given to the longitudinal form of the hull at the line of 
flotation. The shape is usually a graceful curve from stem to stem, the width or beam at 
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PRELIMINARY CONSIDERATIONS. 3 

the various points determining the fall of the curve towards the centre line. Now, as the 
ship passes through the water the point of the bow is the first to encounter resistance, and, 
like a wedge, commences an opening for the following surface to enter, the opening 
becoming larger in proportion as the wedge is driven farther in. Now, if a wedge is driven 
into any substance, the portion disturbed will compress the fibre of the material beyond 
the actual surface in contact ; in like manner, also, when the hull is being driven forward 
it cleaves the water ; and the wider the midship section in proportion to the length from it 
to the bow, the greater will be the friction or resistance. 

It is to be deplored that the formula usually employed to ascertain the requisite 
indicated horse-power, for a hull to be propelled at a given speed, recognises chiefly the 
midship section immersed in relation to the displacement, whereas it should be constructed 
in accordance with the form of the forward body also. 

To return to the hull's progress through the water : as the ship moves the bow cuts 
the water, hence the extreme edge of the bow is often termed " cut-water." Now, if we 
look at this matter in its simplest form, we shall readily understand that to have the least 
" skin friction " from the bow to the midship section, the form of the hull for that length 
should be determined by the depth of immersion, width of beam, and the length alluded to ; 
because the separation of the water will be more readily and better accomplished by a de- 
finite form than by any other. There should be no assumptions in this matter ; the cor- 
rect " principle " of the question should be recognised, and on that only should practice be 
founded, if we wish to attain the best results. The action of the forward body of the hull 
is pushing^ from which motion it results that the separated water rolls onwards, fold over 
fold, as may often be seen in the case of river steamers. Some authorities hold the 
theory that the water inmiediately surrounding the forward portion of the midship section 
forms itself into rollers, and that these rollers are pushed for a certain distance parallel 
with the point of contact, and are then projected at right angles to it. This action is said 
to occur chiefly with wedge-shaped bows, as with curved bows partaking of the wave-line 
form ; the " rollers " of fluid are merely frictional portions, always intervening between 
the outside current and the hull. It is, of course, certain that if the rollers in question 
are " projected," an equivalent amount of power must be in force, and likewise a propor- 
tionate amount of resistance and friction involved. Experiments on these matters have 
been carried out by floating oranges, and the models of various forms of hulls. In 
one case, with the wedge-shaped bow, the oranges were projected from the point of 
contact ; but the wave-line bow permitted the oranges to be continually in contact with 
the hull until the midship section was reached. Doubtless, the most exact mode of 
ascertaining the action of the actual currents of the water would be by experimenting in a 
miniature glass canal, containing clear water, with the models of the hulls of a size 
proportionate to the amount of fluid usually disturbed in actual practice^ so that the 
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4 MODERN SCREW-PROPULSION. 

pressure of the fluid should be nearly alike in each instance. The observer could then 
learn the precise movements imparted to the water by the hull, both at the keel and from 
that Umit to the line of flotation. 

Having assumed that the water is pushed aside, fold over fold, as it undoubtedly is, 
from the bow to the midship section, let us consider next what the after body has to con- 
tend against, remembering, as we follow our subject, that it is the resistance we are investi- 
gating. The hull as it passes through the water divides that element, and therefore disturbs 
it. When the aft part of the midship section reaches the disturbed water, that portion of the 
fluid alters its course simultaneously, and instead of being pushed by the hull, is invited into 
a hollow space, whose form is in direct opposition to the bow portion. Presimiing that the 
portion of the hull joining the forward to the aft body is parallel for a certain length, 
the currents at that locaUty will proportionately be almost frictionless, due to the natural 
flow that is permitted. But at the point of deviation, or the commencement of the aft 
lines, the ciurents will partake of that alteration in form, and thus the friction will again 
be increased. As the hull advances the forward currents will run into the channel caused 
by the aft^r body, and with fine Unes aft, the currents in question will follow the hull 
rather than glide from it. It is certain, however, that only a portion of the forward 
cxurent conforms directly to the aft Unes, the remainder being either parallel with the 
forward motion of the hull, or forming acute angles with it. Obviously, therefore, as 
the screw advances it meets with a disturbed series of currents, which can be termed 
" fore-and-aft water.'* Now, we must not overlook these latter facts when noticing the 
probable action of the screw ; for we are aware that the screw does not^ in its present 
position, revolve in what is termed " soUd " water, but rather, as just proved, in a series 
of currents in a disturbed state. It must not be forgotten that these currents are not 
only surface currents^ but also under currents, so that nearly the entire area of the circle 
of the screw's motion may be said to be affected by them, more or less. 

Our next determination is the action of the screw in these currents, and the progress 
of their final combination, which may be termed the forward, aft, and screw currents. The 
blades of the screw revolve in two kinds of current, the first is the hull surface current, and 
the second the hull keel current, and the Une of division may be taken at the centre of the 
screw's diameter. We thus have certain evidence that the lower half of the circle of the 
screw's motion is the more powerful from two natural causes. The first is, the water 
is more dense below the centre of motion than above it ; and the imder currents, previously 
alluded to, ascend as the hull leaves them, thus producing the Ughter density in question. 
The second is, that each blade of the screw must lift some of the water directly in contact 
with it as it ascends above the centre line of motion, and unless the screw is deq>ly sub- 
merged, a great loss of propelling effect results. Evidence of the correctness of the latter 
conclusion may be met with constantly where the surface water directly over the screw is 
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PRELIMINARY CONSIDERATIONS. 5 

seen to be thrown up above the hull's line of flotation. We may, therefore, conclude that 
the screw throws back a certain amount of the water it grasps, and thus an afl back 
current is caused, the production of which absorbs a relative amount of the total power 
developed, corresponding with the force wasted. 

The propeller should in all cases be designed with a strict regard to the nature of these 
currents, and as those currents are due to the form of the hull below the line of flotation, 
the immersed lines of the hull must define the correct pitch and area of the blades, their 
length from the boss to the extremity being in proportion to the depth of the immersion. 
From the preceding evidence, the delineation of the correct form of the blade, its pitch, 
and length on the line of keel, must be determined from the duty it has to perform, and 
the nature of the conditions under which the performance takes place. 

We must next notice the relative action of a certain nimiber of blades and their eflect. 
If the propeller has only two blades, each will be alike in effect, alternately, in the two 
currents alluded to ; if three blades are used the greatest eflect below the centre line will 
be when one blade is vertical above the Une, in consequence of the area of two blades 
operating in water of the greatest density. But this imequal effect will,, to a certain 
extent, be coimterbalanced by the reverse position of the blades, as, for instance, when the 
single blade is vertical below the centre Une of motion — which, doubtless, produces a more 
equal eflect above and below the line of division of the circle of motion. 

Presuming that a four-bladed propeller is in operation, what is the result ? Each 
blade being at right angles with two others, the eflect will be as with the two-bladed 
screw, on accoimt of the relative position of the blades in each case being the same in 
principle and practice ; so that an equal nimiber of blades, with equal positions, produce a 
relative imequal eflect above and below the centre line of motion ; whereas an imequal 
number of blades in any position, although equally distanced, will produce absolute 
unequal eflects. 

Having thus far investigated the principles of Single Screw-Propulsion, we now enter 
on the subject of the Twin system. Now we have already proved, that the screw revolving 
in disturbed water must be subject to a certain loss of power, and, therefore, remembering 
that the loss of power is due to the disturbed state of the water, may we not safely con- 
clude that two screws, revolving outside or beyond the currents in question, will produce a 
better eflect than the single screw placed in a line with the keel. Next comes the question 
as to which way each screw should revolve. Some authorities are for an outward motion, 
or from the keel, and others advocate the opposite. It will be remembered that we have pre- 
viously stated that " the blades must lift a portion of the fluid." Now, this being proved to 
be true with twin screws also, two results are certain ; viz., first, if the screw turns inwards, 
or towards the keel, the water will be compressed in that direction, and thus cause a certain 
amount of extra hull friction. Second, if the screw turns outward, or from the keel, the water 
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6 MODERN SCREW-PROPULSION. 

is thrown from the hull and against the volume beyond it, which has no connection with the 
ships " race/* There can, therefore, be but one choice between the two motions ; viz., the 
outward turn for twin screws for a-head propulsion. The author's views on the subject of 
Twin-Screw-Propulsion are expressed in a paper read before the members of the London 
Society of Arts in December, 1867, a portion of which is given here : 

" Now, with two screws in the place of one, we have a sub-division of the force appUed. 
Taking the midship section of the hull as the transverse area of the resistance, what is the 
most correct position for the two screws ? The answer, in accordance with natural laws, 
seems to me to be, the centres of the area of the midship-section on each side of the centre 
line of the hull. For this reason, I think the type of the engine should not settle the dis- 
tance between the centres of the screw shafts, but rather that the latter distance is due to 
the form of the hull, so that each screw shall be situated centrally of the area it is propelling. 
Those who are strong advocates of the advantages of twin-screws for steering purposes, will 
naturally ignore my opinion, but in so doing will they not sacrifice the correct position for 
the centres of propulsion ? I am confident, however, that the hull will be propelled at 
a higher speed, when the screws are in the position I have advocated, than otherwise, 
and the manouvring powers will be but Uttle, if at all, impaired to that if the screws 
were wider apart. 

" To enable you to appreciate the intrinsic value of twin-screw propulsion, I direct 
your attention to the probable action of the screw when turning from the hull, or towards 
it. The principle I beUeve to be thus : The screw is working in disturbed water, caused 
by the progress of the hull, and the least amount of disturbance added by the motion of 
the screw the greater propelling effect is certain. When the screw is turning towards the 
hull the water is dashed against it, and thus additional disturbance and skin friction are 
caused. 

" When I state this, I do not overlook the fact that the screw is advancing ; but is 
not the hull also ? — so that the disturbance is a continuation with the passage of the hull. 
The water, agitated by the inward revolution of the screw, is not only dashed against the 
hull, but is forced between it and the centre line of the motion of the screw before the 
screw has left the disturbed water. 

" But in the case of the screw turning from the hull, the difference in the effect is 
evident ; the fluid above the centre line of motion is forced from the hull, and, being 
lighter in density than the volume below, ascends, at an incline to the surface, or line of 
flotation ; it has performed its duty and departs from it, to make room for the new current, 
without causing any extra skin friction on the hull. It occurs to me that it is simply a 
matter of gravity or density of the various currents the screw revolves in, and the quicker 
and easier the screw revolves, the more power it developes. I beUeve it to be a question 
of speed, also proportionate to the pitch and depth of immersion, so that, in deducing the 
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PRELIMINARY CONSIDERATIONS. 7 

proportions of the screw, all these natural facts should not be overlooked. The surface 
current nearest the hull must be in contact with it ; but those beyond gradually diverge 
outwards, which is my concluding proof that the propeller should turn outwards also.** 

The cause of the positive sUp of the screw-propeller is almost obvious, from the pre- 
ceding remarks relating to the disturbance of the water at the aft end of the hull. Now 
as the screw revolves in this water, it is conclusive that the blade cannot fully grip the 
water, if that element is in a separated form, or in streams or currents. It is for this 
reason that some engineers have placed the screw-propeller aft of these body currents, and 
projected the screw-shaft beyond the rudder post. Other authorities have lowered the 
screw below the surface current, and thus escape the loss of eflfect. It will, therefore, 
be imderstood that the cause for the positive slip of the screw-propeller, is mainly due to 
the non-soUdity of the water it revolves in, while in other cases the form and proportions 
of .the blades are the cause to a great extent. Negative slip is one of the phenomena that 
the engineer has yet to explain. At the present time one of the presumptions is that 
the aft«r body currents are projected upward by the blades of the screw, and thus striking 
the counter of the hull, impel the vessel forward at a greater speed than that actually 
performed by the screw. Another idea is, that the natural wave-like motion of the sea, 
assisted by the motion of the propeller, produces the eflfect alluded to in this manner. 
The existence of a following wave explains the fact that any considerable apparent nega- 
tive slip is always accompanied by waste of motive power, the resistance to the motion of 
the engine increasing ill a greater proportion than its speed is diminished. For amongst 
the laws of wave-motion are the following : That all forward motion of the particles in a 
wave is accompanied by an elevation of level, and that the pressure against a body in front 
of the wave, due to that elevation of level, is exactly equal to the pressure required to 
impress the forward motion upon the particles of water. Such is the pressure exerted 
upon the stem of a ship by the wave which follows under her counter, when that wave 
is undisturbed by the action of the screw. But the screw, by checking or reversing the 
motion of the particles of water, lowers the level of the crest of the following wave, and di- 
minishes the forward pressure which that wave exerts on the vessel. That diminution of 
pressure is virtually equivalent to an increase of the ship*8 resistance : so that the thrust 
of the screw must be equal not merely to the resistance properly due to the dimensions 
and figure of the ship, but to that resistance increased by a force equal to the diminution 
which the action of the screw produces in the pressure exerted on the ship by the following 
wave. Thus the total thrust of the screw is increased above its eflTeotive thrust — that is, 
above the proper resistance of the ship, in a proportion greater than the proportion in 
which the speed of the screw is diminished through apparent negative sUp, so that the 
result is an increased expenditure of motive power above what would be required if the 
screw acted in water not aflfected by wave-motion. A third conclusion is, that there is a 
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8 MODERN SCREW-PROPULSION. 

certain amount of dead water following the slip, impinging on the surface of the after 
body and the screw. The cause for the impinging being, that the dead water is merely 
weight converted into force, by being projected or impelled by the forward motion of the 
currents aft of the hull. 

In the face of all these theories, another conclusion has been arrived at, and that is 
that the entire subject is mythical, consisting of fables formed in the brains of the several 
theorists who are without practical knowledge of the matter in question. They seem 
to have taken for granted that the pitch of the screw is in practice as it was intended to 
be on paper, and they have based their calculations accordingly. Now, it has been 
argued by some that the present mode of forming the mould for casting the screw — ^viz., 
by the loam and sweep-board process — ^is correct for that purpose only, but that the screw 
alters in form in cooling. They say, therefore, that the negative sUp theory does not 
recognise this fact, neither do the authorities who advocate the existence of negative 
sUp, therefore their calculations must be wrong, while their whole theory comes to nought 
for that reason. 

The writer's opinions are that " negative slip " is merely apparent, and not therefore 
actual, although he has proved often that there has been an aft current, with a forward 
motion exceeding that of the hull, with ships and propellers of certain proportions. This 
was known by lowering a piece of Ught wood by a string into the well-hole of the screw, 
where it was seen that the wood was driven forward until the string became " taut,*' and on 
releasing the deck end of the string it "ran" through the hand. 'The result of the trial 
also showed apparent " negative slip ;" yet, with all this evidence, an acquaintance with 
natural laws tends to raise the doubt of the existence of the fact that any propeller, when 
revolving at its greatest speed, can be dragged by the hull, which owes its forward motion 
to the action of that propeller only. 

All these and other matters which have been alluded to will receive more attention 
in their proper places, accompanied with results, the present chapter being merely a brief 
preliminary sketch of certain principles on which screw propulsion is based. 
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HISTORY OF THE SCREW-PROPELLER IN ENGLAND. 



CHAPTER n. 

intboduction. 

By G. B. Rennie, Esq., M.I.C.E. 

AT the request of Mr. N. P. Burgh, I agreed to write a short introduction to a new work 
he was about to write on Modern Screw-Propulsion. It was with some reluctance 
I acceded to his request ; but, on consideration of the great pains and trouble that gentle- 
man has bestowed on his work on Marine Engineering, collecting some of the best examples 
of modem marine engines, in having them illustrated in the most clear and correct manner, 
as well as combining in the body of the work numerous wood-cuts of details of 
construction peculiar to different makers, I felt sure the main importance of his publication 
would depend more on the excellence of its illustrations than the few remarks which I 
might have to offer on the subject. After all, the best and most useful information for an 
engineer, is that which relates to the different views and mode of construction carried out 
by the prominent manufacturing engineers, who have devoted the best part of their Uves 
and labours in perfecting an especial branch of mechanical study. Those, therefore, who 
wish for information on the various forms and construction, of the screw-propeller, 
I would recommend rather to examine, and careftdly to compare, the Drawings of the 
Screws in this work, and results of different vessels, more particularly those of the 
Admiralty, than to look for anything that is new in this introductory accoimt of the 
history, various forms, and adaptations of the screw-propeller, which I have contributed to 
the present work. 

OUTLINE OP THE HISTORY OP THE SCEEW-PROPELLER I\ ENGLAND. 

Since the introduction of the screw-propeller, the use of steam, as a motive power, ha.s 
attained a more rapid extension for sea navigation, than would ever have taken place, had 

c 



Digitized by 



Google 



10 MODERN SCREW-PROPULSION. 

it been limited to the paddle-wheel. The general form of a ship, with its masts and sails, 
requires less modification for the screw than the paddle-wheel, and retains all its 
advantages for sailing purposes. In the case of the mail steamers, where it is necessary 
to steam direct firom port to port, and sail only when there is a strong and favourable 
wind, the screw is found to be the most economical way of using the steaming power, 
more especially in long voyages, where the draft and immersion of the ship varies 
considerably, at starting, after coaling, on the voyage, and on arrival in port. The paddle- 
wheels are for a great part of the voyage either too deeply or not sufficiently immersed, 
whereas, in the screw propeller, the greater immersion gives the screw a better hold of 
the water, thus compensating, in a great measure, for the increase of displacement in the 
ship without materially affecting the steamilig speed. 

The first practical application of the screw-propeller seems to be due to Shorter — at 
the commencement of the present century — ^who made numerous experiments, and even 
succeeded in propeUing the Superb line-of-battle ship about two miles an hour ; the con- 
clusion he arrived at was, that a single blade gave the best results. Some twenty years 
later. Brown applied his gas vacuum-engine to propelling a two-bladed propeller attached 
to a shaft working through a stuffing-box; the best result which he seems to have 
obtained was a speed of seven miles per hour with 12-horse power. In 1836, Mr. Francis 
Pettit Smith obtained his patent for a screw propeller, and applied it to a small boat 
34 ft. long, 6 ft. 6 in. beam, and 4 ft. draft. The engine consisted of a high-pressure 
cylinder, 6 in. diameter and 15 in. stroke, which worked a screw 2 ft. diameter, and 2 ft. 5 in. 
pitch ; this was placed in the dead wood at the stem, and not in the bow, as in Brown's 
boat, by which a somewhat similar speed was obtained ; but its power was subsequently 
shewn by towing the Great Western steamship into the East India Docks. This boat was 
so Car successftd as to induce Messrs. Wright and Co. — ^bankers — to embark in the 
speculation of building a vessel on the same principle, fi'om 200 to 300 tons, and 80-horse 
power ; but no engineering firm seemed willing to imdertake such a doubtftd experiment, 
until at last the late Mr. Gteorge Rennie was requested to examine the subject ; and he, 
after giving it his careful consideration, came to the conclusion that the principle was not 
only practicable, but would lead to most important results. It was arranged that the firm 
of G. and J. Rennie should construct the machinery, and Mr. Wimhurst the vessel, which 
was to be of wood. The engines were direct acting, as for paddle-wheels, but placed 
longitudinally in the vessel, instead of transversely. The screw-shaft was to be driven by 
means of gearing, in the proportion of 25 revolutions of engine to 133*3 of screw-shaft. 
The screw-propeller was to be placed in a space cut out of the dead wood, just before 
the rudder-post, and the shafting to pass through the stuffing-box. The propeller recom- 
mended by Mr. Smith was to be a complete turn of a single-threaded screw, but a 
double-threaded one was aft^erwards adopted. In HerapalKs Journal of June, 1839, the 
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editor remarks that the " expectation of the success of this experiment was at a very low 
ebb." The dimensions of the vessel, as constructed, were as follows : 

Length from stem to stem 105 feet. 

Extreme width 20^ „ 

Depth of hold 12-i% „ 

Barthen in tons 230 „ 

Length of engine and boiler space 39 „ 

The vessel was built of fir and rigged as a three-masted schooner. Mr. Rennie 
writes : " The lines fore and aft are beautifully run, and the vessel is well calcu- 
lated to go through the water, both with steam and imder sail." The engines 
consisted of two cylinders each 36 in. in diameter and 3 ft. stroke. " The wheel work," Mr. 
Rennie writes, " consisting of two cogged wheels and two pinions, is placed in a strong iron 
frame, independent of the vessel. The shaft which drives the propeller passes from the 
lowermost pinion under the cabin-floor and through a water-tight stuflfing-box in the inner 
stem-post to the propeller or screw. The screw is made of plates of iron, fastened to arms 
of wrought iron, keyed upon a wrought-iron shaft, and when the engine is«.t work, makes 
b^ turns for ever complete revolution of the crank shaft. The weight of engines, boiler, 
chimney, coal-boxes, driving machinery, and propeller was 64 tons 8 cwt." The first trial of ' 
the Ardiimedes took place in Barking Creek on the 30th of April, 1839; the speed was esti- 
mated at 8^ miles. The vessel was found to answer the helm and obey all the necessary 
movements, such as advancing, stopping, and backing, as well as any steamer on the usual 
principle. 

On the 2nd of May, she left her moorings off the Brunswick Dock, and reached 
Gravesend, a distance of 20 miles in one hour and forty-five minutes, and the next day left 
for the Nore and Sheemess, where she exhibited her steering quahties by going in and 
out amongst the shipping. Admiral Otway, who conunanded the fleet, came on board tod 
steered himself. At the trial, the dimensions of the screw were 6 ft. diameter and 7 ft. 6 in. 
pitch, this was substituted at Ramsgate for one of 7 ft. diameter and 8 ft. pitch, with the re- 
sult of an increase of speed. She then returned to London, having been considered, by all 
interested in her, a complete success, and on the 18.th of the same month left for Ports- 
mouth, where she excited much interest. Mr. Rennie concludes his letter by saying, on 
her arrival at Portsmouth, she was " visited by all the naval authorities, both scientific and 
unscientific, and there appeared to prevail but one opinion as to the efficiency of the 
principle for naval warfare. By this arrangement the engines are completely protected from 
shot by the coal-boxes on either side, whilst the propeller, from being wholly immersed 
under water, is out of reach of shot. The funnel is the most vulnerable point, but it might 
easily be replaced, in case of accident, by having a spare ftinnel below, constructed on the 
telescopic principle." The screw-propeller was made to connect and disconnect for sailing. 

o2 
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The interest excited by the success of the voyages of the Archimedes mduced the Admiralty 
to make some comparative trials with a paddle-wheel steamer. Captain E. Chappell, R.N., 
and Mr. Thomas Lloyde, Engineer to the Navy, were directed to superintend them, and 
they proceeded to Dover, in May, 1840 — just one year after the Archimedes left the Thames 
for that purpose — the paddle-wheel vessel selected was the Widgeon^ the fastest steam 
packet on the Dover station. The following were their respective dimensions : 





Tons. 


Inches. 


Stroke. 


Mean draft of water. 


Widgeon . . 


. . 162 


89 


31 


7-3 


Archimedes . 


. . 237 


36 


3 


9-4 



So that the Widgeon had 10-horse power more and 75 tons less burthen than the Archimedes. 
On the first trial, a distance of 19 miles, the engines of the Archimedes made 27 revo- 
lutions per min., speed 8^ knots per hour, but the Widgeon performed the distance in 6 min. 
less time, and on the return voyage 10 min. less time. The third nm the Archimedes was 
only 3 min. less time, making 27 strokes per minute, and performed the distance in 2 hours 
9^ min. ; on the fifth trial, both vessels had sails set, the Archimedes beat the Widgeon 
by 9 min., making 27 to 28 revolutions, and 9 to 9 J- knots per hour. Thus the Archimedes 
made the voyage from Dover to Calais in less time than it had been performed by any of 
Her Majesty's Packets, running from port to port in 2 hours and 1 min., and returning in 
1 hour 53^ min. The Archimedes continued to perform her work most satisfisMstory until 
one morning, before starting, the engineer in charge had omitted to slacken the ftmnel stays, 
which caused the crown of the boiler to coUapse, in consequence of the expansion in the 
boiler due to getting up the steam ; imfortunately one man was kiUed and others severely 
scalded. Efforts were made at the inquest to prove that the accident was entirely due to 
the designs for the machinery made by Mr. Rennie, until the late Mr. Joshua Field — of 
Maudslay and Field — most handsomely came forward, and gave his evidence so conclusively 
in Mr. Rennie's favour, that the case proceeded no ftirther. However, this unfortunate 
accident, although in no way connected with the design or construction of the machinery 
or boilers, had for some time a prejudicial effect against the firm of Rennie in the con- 
struction of marine engines, and they did not, in consequence, reap that benefit from the 
introduction of the screw-propeller which they were entitled to. The Admiralty com- 
menced the Battler screw-ship, but the order for the machinery was confided to Messrs. 
Maudslay and Field, in September, 1841. This vessel was not tried until June 27, 1844. 
when she obtained a speed of 10'074 knots. In the early part of the year 1840 Messrs. 
Rennie undertook the construction of a rotary engine, designed by GaUoway, to propel a 
screw vessel built by Messrs. Ditchbum and Mare, called the Mermaid. However, it was 
found difficult to make the joints of the engine tight ; and from the failure of the bank of 
Wright and Co., in November, 1840, nothing fiirther was done with the screw-propeller until 
Mr. Rennie and his brother, Sir John, induced the Admiralty, with great difficulty, through 
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Sir George Cockbum, to purchase of them the Mermaid on the condition a speed of twelve 
miles was attained on trial. The agreement was made on the 7th of March, 1842. The 
speed proposed was greater than any steamer then in the navy could perform, and the 
payment was to be contingent on that speed being realised. The trial took place over 
the measured mile, on the 15th of May, 1843. The mean speed obtained of 6 runs was 
12*142 miles. The Mermaid* s propeller was of cast iron, and was moulded in loam without 
a model, by means of iron tem-plates cut to the required curve, which was formed from a 
solid cone revolving on its axis, during the perpendicular descent of a tracer. 

The length of the Mermaid^ or Dwarf y was . 130 feet. 

Beam 16ft. Gin. 

Draft . . . . . . 5 „ 6 „ 

This trial was considered so satisfactory, that the Admiralty completed the purchase, and 
thus the Mermmdy afterwards named the Dwarfs was the first screw vessel introduced 
into Her Majesty's Navy. The trials of the Dwarf and Rattler conclusively established 
the advantages, in naval warfare, of the screw over the paddle-wheel for propelling 
ships. 

The study of the action of the screw, and its position in the dead wood at the stem, 
led to an improvement in the lines of vessels by giving them a finer run, which was aftier- 
wards adopted in every class of vessel, sailing as well as steam ships. The next step 
was to get a class of engine especially adapted to work directly on the screw shaft, without 
the intervention of gearing, and to make a greater number of revolutions per minute than 
paddle-wheel engines. The Board of Admiralty, at the suggestion of the Harbour Defence 
Commission, determined to take advantage of this system of propulsion by constructing 
some sixteen ships, especially for defence of the ports ; eight of which were called block ships ^ 
and the other eight line-of-battle ships and frigates. The only conditions stipulated were, 
that the machinery should be placed below the water line. Those made by Messrs. 
Maudslay and Sons, Messrs. Boulton and Watt, Messrs. Seaward, Messrs. Penn 3nd 
Sons, and Messrs. Rennie, were direct-action horizontal engines, with a speed varying 
from 45 to 60 revolutions per minute. Messrs. Miller and Ravenhill, were also at this 
time constructing a direct action engine for the Amphion^ a&er Count Rosen's plan, ordered 
the year previously. These engines had a stroke of 4 ft. and to make 48 revolutions 
per minute. 

In the merchant service, the Gfreat Britain of 3400 tons, then the largest ship and 
wonder of the age, designed as an ocean steamship by Mr. Brunei, played a most im- 
portant part in furthering the introduction of screw-propulsion ; but the errors of the 
construction of the machinery and the engines were prejudicial to the system being 
considered favourably for ftdl powered ships, and screw-propellers were only held to be 
advantageous as an auxiliary in calms and favourable winds. However, further experience 
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has proved the screw to be a more useM propeller than the paddle-wheel, whether in the 
calm seas of the Mediterranean, or in the high waves of the Atlantic, and nearly all large 
steamers for ocean mail service are constructed for screw-propulsion, and many instances 
might be cited, both in this country and in France, where it has been found worth while 
to alter, comparatively speaking, new paddle-wheel ships into screws, jai a cost not much 
under a fourth, or even a third, of the cost of a vessel when new. 

After some years* experiments with a single screw, a system of two screws instead of 
one came into practice with the idea that this application of the screw in certain cases 
was more advantageous ; so that a few remarks on the double screws will be desirable. 

DOUBLE SCREWS. 

The original advocate of this system was Captain Carpenter, R.N., who, in 1840, 
had a small model made and tried on the Serpentine, with such success, that Mr. Rennie 
constructed a small iron vessel on this principle in 1852 for Said Pasha, for the pur- 
pose of navigating the canals in Egypt. This boat had only two feet draft of water, and was 
propelled by two screws, each worked by a separate Disc engine. Several others on the 
same system were constructed, and also ten iron gimboats, of 20-horse power each, were 
made by Messrs. Rennie for the Indian Government in 1857. Bach screw in these cases 
was worked by a single horizontal cylinder piston-rod engine ; others, again, on a larger 
scale, and similar in other respects to the above, were made and sent out to the Phillipine 
Islands for the Spanish Government. These vessels had only 2 ft. 4 in. draft of water, 
fitted with engines of 20 and 30-horse power, and imder these conditions a single screw- 
propeller could hardly be expected to give a good result : hence the application of two 
screws for augmenting the surface of propulsion. It is thought by some that a higher 
degree of speed may be obtained in vessels of deep draft by adopting this system ; but the 
limit of advantage is evidently to such vessels only where the draft of water will not 
admit of a single screw of sufficient dimensions to give the proper resistance for propul- 
sion. However, for particular purposes for the manouvring of ships of war, two screws 
may be found more serviceable. 

ON THE DIFFERENT FORMS OP THE SCREW-PROPELLER IN USE. 

The screw first proposed by Mr. Smith, for the Archimedes, was that of the trace of 
a single thread wound around a cylinder, which was afterwards superseded by another, 
with a double-thread, each thread having half a turn. Mr. Rennie was led, from considering 
the action of a fish's tail on the water, to design one of a form traced out by one or 
more threads wound around a cone instead of a cylinder. A series of experiments were 
made with this propeller, and found to answer the expectation of its designer. The three 
forms are shewn in the next page. 
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It would be quite impossible to describe here all the various forms suggested by in- 
ventors, but a very complete and interesting collection may be found at the Patent Office, or 
in " The Screw-Propeller," by Bourne. The screw adopted by the Admiralty for some time 
was a section of two-threaded screw, commonly known as the Admiralty two-bladed screw, 
the length being \ of the pitch. These proportions were arrived at after a series of 
experiments. For speed in smooth water it is very questionable whether there is a more 
efficient propeller, but for other reasons, such as vibration and uniform action in a sea-way, 
other forms are found preferable. Some few years ago screws, with movable blades for 
regulating the pitch by means of gear worked from the deck, and known as the differential, 
or feathering screw, were considered of great importance, as the pitch of screws might be 
varied to the wishes of the captain and engineer, according to whether the wind was 
fevourable or adverse, and thus adapt the speed of the engines, so that the greatest power 
might be developed under all circumstances. That made on the patent of Mr. Joseph 
Maudslay was the most successful of this kind of screw ; however, the extra compUcation 
and the excessive wear in the movable parts have led to their use being limited, and it is 
now foimd most advisable merely to bolt or key the blades at a determined pitch, which can 
only be modified by the vessel either going into dock or the screw raised on deck with lifting 
gear. Mr. Griffiths's screw is made on this plan. The boss or centre on which the blades 
are bolted is made from i to ^ the entire diameter of the screw, and in a spherical form. 
Mr. Griffiths thinks that this form gives less obstruction to propelling the vessel than 
when the blades are carried nearer to the centre, and where the angle of the blades is very 
acute with the Une of motion. He also advocates diminution on the breadth of the blades 
towards the extremity, and an increase at the base, which is found to lessen the vibration. 
The late Mr. George Rennie had previously entertained this idea, as may be seen from the 
form of blade in his conoidal propeller ; but Mr. Griffiths has taken advantage of later 
experiments, from which it was found that a small part of the convolution of a screw was 
more effective than a complete turn. Mr. Griffiths's screw has had such favourable 
results, that it is now very generally adopted both in Her Majesty's ships as well as in the 
Mercantile Marine, with the modification of curving the blades at the outer extremities 
slightly forward, as, for example, may be seen in the screw of Her Majesty's ship Lapwing. 
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Diagram of a screw-propeller 
with straight blades, show- 
ing the line of current 
from the blades. 




Diagram of a screw-propeller 
with curved blades, show- 
ing the line of current 
from the blades. 



Referring next to the effect of the sphere as regards speed, experiments made on board 
the Conflict^ with a common Admiralty screw compared to the same screw with a large 
sphere fixed to the centre, gave the following result : 



Speed in knots. 
. 9-425 



Displacement in tons. 
1740 



Hone power — actual. 

784 



814 



Positive Slip. 
1715 

23-26 



Common screw 

Ditto, with sphere . . 9*424 ... 1752 

The experiments on the Fairy shows a very similar result : 

Speed in knots. Horse power — actnal. 

Common 13-229 ... 406 

Griffith's 13.27 ... 410 

The pitch of the latter was 4 in. greater, but the speed was practically the same as with 
the decreased pitch in the common screw, the difference being in a diminished sUp with 
less pitch. The form of propeller much used in the French navy, as well as in the French 
mail steamers, has six narrow blades. Many trials in the French navy, for comparison, 
have been made with it and the Admiralty two-bladed screw, and, although very little was 
found to be gained in speed, the vibration was sensibly diminished. The Imperial Messagerie 
have also made their experiments during long voyages, and foimd the above results hold 
good in fine weather only ; but in a heavy sea and strong head wind, the surface of the 
six blades being more distributed throughout the circumference than the two blades ; there 
is always more or less of the former screw imder the water, however much the vessel 
may pitch, which the illustration below explains. 



^ Ordinary water line. 




Water line when pitching. 
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it been limited to the paddle-wheel. The general form of a ship, with its masts and sails, 
requires less modification for the screw than the paddle-wheel, and retains all its 
advantages for sailing purposes. In the case of the mail steamers, where it is necessary 
to steam direct from port to port, and sail only when there is a strong and favourable 
wind, the screw is found to be the most economical way of using the steaming power, 
more especially in long voyages, where the draft and immersion of the ship varies 
considerably, at starting, after coaling, on the voyage, and on arrival in port. The paddle- 
wheels are for a great part of the voyage either too deeply or not sufficiently immersed, 
whereas, in the screw propeller, the greater immersion gives the screw a better hold of 
the water, thus compensating, in a great measure, for the increase of displacement in the 
ship without materially affecting the steamilig speed. 

The first practical appUcation of the screw-propeller seems to be due to Shorter — ^at 
the commencement of the present century — ^who made nimierous experiments, and even 
succeeded in propeUing the Superb Une-of-battle ship about two miles an hour ; the con- 
clusion he arrived at was, that a single blade gave the best results. Some twenty years 
later, Brown apphed his gas vacuum-engine to propelling a two-bladed propeller attached 
to a shaft working through a stuffing-box; the best result which he seems to have 
obtained was a speed of seven miles per hour with 12-horse power. In 1836, Mr. Francis 
Pettit Smith obtained his patent for a screw propeller, and appUed it to a small boat 
34 ft. long, 6 ft. 6 in. beam, and 4 ft. draft. The engine consisted of a high-pressure 
cylinder, 6 in. diameter and 15 in. stroke, which worked a screw 2 ft. diameter, and 2 ft. 5 in. 
pitch ; this was placed in the dead wood at the stem, and not in the bow, as in Brown's 
boat, by which a somewhat similar speed was obtained ; but its power was subsequently 
shewn by towing the Great Western steamship into the East India Docks. This boat was 
so fiir successful as to induce Messrs. Wright and Co. — bankers — to embark in the 
speculation of building a vessel on the same principle, from 200 to 300 tons, and 80-horse 
power ; but no engineering firm seemed willing to undertake such a doubtftd experiment, 
until at last the late Mr. Greorge Rennie was requested to examine the subject ; and he, 
after giving it his careful consideration, came to the conclusion that the principle was not 
only practicable, but would lead to most important results. It was arranged that the firm 
of G. and J. Rennie should construct the machinery, and Mr. Wimhurst the vessel, which 
was to be of wood. The engines were direct acting, as for paddle-wheels, but placed 
longitudinally in the vessel, instead of transversely. The screw-shaft was to be driven by 
means of gearing, in the proportion of 25 revolutions of engine to 133-3 of screw-shaft. 
The screw-propeller was to be placed in a space cut out of the dead wood, just before 
the rudder-post, and the shafting to pass through the stuffing-box. The propeller recom- 
mended by Mr. Smith was to be a complete turn of a single-threaded screw, but a 
double-threaded one was afterwards adopted. In HerapaiKs Journal of June, 1839, the 
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"GRIFFITHS'' TWO BUDED SCREW for H.M.SVCOLLINCWOOD: 




X 4, f S ■,. I ■ I, .4r C-KiTtf^ '"VaiiL^ L;.<ji>i 



Digitized by 



Google 



12 , MODERN SCREW-PROPULSION. 

The interest excited by the success of the voyages of the ArMmedes iaduced the Admiralty 
to make some comparative trials with a paddle-wheel steamer. Captain E. Chappell, R.N., 
and Mr. Thomas Lloyde, Engineer to the Navy, were directed to superintend them, and 
they proceeded to Dover, in May, 1840 — -just one year after the Archimedes left the Thames 
for that purpose — the paddle-wheel vessel selected was the Widgeon^ the fastest steam 
packet on the Dover station. The foDowing were their respective dimensions : 





Tom. 


Inches. 


Stroke. 


Mean dralt of water. 


Widgeon . . 


. . 162 


39 


81 


7-3 


Archimedes . 


. . 237 


36 


3 


9-4 



So that the Widgeon had 10-horse power more and 75 tons less burthen than the Archimedes. 
On the first trial, a distance of 19 miles, the engines of the Archimedes made 27 revo- 
lutions per min., speed 8^ knots per hour, but the Widgeon performed the distance in 6 min. 
less time, and on the return voyage 10 min. less time. The third run the Archimedes was 
only 3 min. less time, making 27 strokes per minute, and performed the distance in 2 hours 
9~ min. ; on the fifth triid, both vessels had sails set, the Archimedes beat the Widgeon 
by 9 min., making 27 to 28 revolutions, and 9 to 9 J- knots per hour. Thus the Archimedes 
made the voyage fi'om Dover to Calais in less time than it had been performed by any of 
Her Majesty's Packets, running from port to port in 2 hours and 1 min., and returning in 
1 hour 53-|^ min. The Archimedes continued to perform her work most satisfiawjtory until 
one morning, before starting, the engineer in charge had omitted to slacken the ftmnel stays, 
which caused the crown of the boiler to collapse, in consequence of the expansion in the 
boiler due to getting up the steam ; unfortunately one man was killed and others severely 
scalded. Efforts were made at the inquest to prove that the accident was entirely due to 
the designs for the machinery made by Mr. Rennie, imtil the late Mr. Joshua Field — of 
Maudslay and Field — most handsomely came forward, and gave his evidence so conclusively 
in Mr. Ronnie's favour, that the case proceeded no further. However, this imfortunate 
accident, although in no way connected with the design or construction of the machinery 
or boilers, had for some time a prejudicial effect against the firm of Rennie in the con- 
struction of marine engines, and they did not, in consequence, reap that benefit from the 
introduction of the screw-propeller which they were entitled to. The Admiralty com- 
menced the Battler screw-ship, but the order for the machinery was confided to Messrs. 
Maudslay and Field, in September, 1841. This vessel was not tried until June 27, 1844. 
when she obtained a speed of 10*074 knots. In the early part of the year 1840 Messrs. 
Rennie undertook the construction of a rotary engine, designed by Galloway, to propel a 
screw vessel built by Messrs. Ditchbum and Mare, called the Mermaid. However, it was 
foimd difficult to make the joints of the engine tight ; and from the failure of the bank of 
Wright and Co., in November, 1840, nothing fiirther was done with the screw-propeller until 
Mr. Rennie and his brother, Sir John, induced the Admiralty, with great difficulty, through 



Digitized by 



Google 



HISTORY OP THE SCREW-PROPELLER IN ENGLAND 



17 



It is considered that as the blades are more numerous and less in size, the action is 
more uniform, and that there is more equality of resistance owing to a portion of the surfeu^e 
of the screw being in deeper water than in a two-bladed one, where the resistance con- 
tinually varies throughout the revolution, and gives rise to a certain amount of vibration. 
The accompanying drawing is that of a screw-propeller of six blades, made on the above 
principle for the Charhieh. These blades were keyed on for the purpose of varying the 
pitch, and made of wrought iron in order to combine strength with a thin and narrow 
blade. Particulars of this vessel and her engines may be seen in " Burgh's Modem Marine 
Engineering." 

The following comparison of a three-bladed and a six-bladed propeller is extracted 
firom the log of the steam ship Charkieh, to show the relative speed of the two : 



Kind of propeller. 


Steam tn boilers. 


Revolutiona 


CoaU com nmed per hour. 


Mean speed in 
knots per hour. 




lbs. 


per minute. 


owts. qn. lbs. 


knots. 


Six-bladed screw firom Malta to Alezan-^ 










dria, after being docked, May 17tb,> 


18-8 


60-4 


83 3 15 


10-65 


1866 ) 










Tbree-bladed screw from Venice to Alex- * 










andria, after being docked, July 27tb, - 


19-2 


58-9 


84 9 


10-69 


1867 ) 











So that, practically speaking, there is very little difference as regards speed or economy of 
fuel in using either the six or the three-bladed propeller in smooth weather, but the vibra- 
tion in the former was considerably less. 

Trials of comparison, made by order of the Admiralty, with a two, a four, and a six- 
bladed propeller, on board the Emerald, show the following results respectively, (after cor- 
rection for the reduction of tonnage and horse power to the same in all cases) : 

11-49 knots— 11-79 knots— and 11-87 knots. 

A form of screw much used in the French navy, and in some of Her Majesty's ships, 
is that proposed by M. Mangin. It consists of two narrow blades, one placed immediately 
behind the other, each of a similar and uniform pitch. That made for the Bull/inch is an 
illustration of this construction, as shown by the plate. 

Another form is the four-bladed French screw, with the pitch of one-half of the blade 
in excess of that of the other half. This screw, as used in the English navy, almost always 
shows an apparent negative slip. 

The following particulars, taken from some experiments to determine the resistance 
of different forms of screw-propellers, by the late George Rennie, give some interesting 
information on the subject : the results of these experiments, made on differently formed 
propellers, for the purpose of ascertaining, first, the effect of screw-propellers when con- 
fined in tubes of a conical form ; secondly, the effects of the form of propellers working 
alone and not in tubes, are on the next page. 
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has proved the screw to be a more useful propeller than the paddle-wheel, whether in the 
cahn seas of the Mediterranean, or in the high waves of the Atlantic, and nearly all largo 
steamers for ocean mail service are constructed for screw-propulsion, and many instances 
might be cited, both in this country and in France, where it has been found worth while 
to alter, comparatively speaking, new paddle-wheel ships into screws, .at a cost not much 
under a fourth, or even a third, of the cost of a vessel when new. 

After some years' experiments with a single screw, a system of two screws instead of 
one came into practice with the idea that this apphcation of the screw in certain cases 
was more advantageous ; so that a few remarks on the double screws will be desirable. 

DOUBLE SCREWS. 

The original advocate of this system was Captain Carpenter, R.N., who, in 1840, 
had a small model made and tried on the Serpentine, with such success, that Mr. Rennie 
constructed a small iron vessel on this principle in 1852 for Said Pasha, for the pur- 
pose of navigating the canals in Egypt. This boat had only two feet draft of water, and was 
propelled by two screws, each worked by a separate Disc engine. Several others on the 
same system were constructed, and also ten iron gimboats, of 20-horse power each, were 
made by Messrs. Rennie for the Indian Government in 1857. Each screw in these cases 
was worked by a single horizontal cylinder piston-rod engine ; others, again, on a larger 
scale, and similar in other respects to the above, were made and sent out to the PhiUipine 
Islands for the Spanish Government. These vessels had only 2 ft. 4 in. draft of water, 
fitted with engines of 20 and 30-horse power, and under these conditions a single screw- 
propeller could hardly be expected to give a good result : hence the application of two 
screws for augmenting the surface of propulsion. It is thought by some that a higher 
degree of speed may be obtained in vessels of deep draft by adopting this system ; but the 
limit of advantage is evidently to such vessels only where the draft of water will not 
admit of a single screw of sufficient dimensions to give the proper resistance for propul- 
sion. However, for particular purposes for the manouvring of ships of war, two screws 
may be foimd more serviceable. 

ON THE DIFFERENT FORMS OF THE SCREW-PROPELLER IN USE. 

The screw first proposed by Mr. Smith, for the Archimedes^ was that of the trace of 
a single thread wound around a cylinder, which was afterwards superseded by another, 
with a double-thread, each thread having half a turn. Mr. Rennie was led, from considering 
the action of a fish*s tail on the water, to design one of a form traced out by one or 
more threads woimd aroimd a cone instead of a cylinder. A series of experiments were 
made with this propeller, and foimd to answer the expectation of its designer. The three 
forms are shewn in the next page. 
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It would be quite impossible to describe here all the various forms suggested by in- 
ventors, but a very complete and interesting collection may be found at the Patent OflBce, or 
in " The Screw-Propeller," by Bourne. The screw adopted by the Admiralty for some time 
was a section of two-threaded screw, conmionly known as the Admiralty two-bladed screw, 
the length being ^ of the pitch. These proportions were arrived at after a series of 
experiments. For speed in smooth water it is very questionable whether there is a more 
efficient propeller, but for other reasons, such as vibration and uniform action in a sea-way, 
other forms are found preferable. Some few years ago screws, with movable blades for 
regulating the pitch by means of gear worked from the deck, and known as the differential, 
or feathering screw, were considered of great importance, as the pitch of screws might be 
varied to the wishes of the captain and engineer, according to whether the wind was 
favourable or adverse, and thus adapt the speed of the engines, so that the greatest power 
might be developed under all circumstances. That made on the patent of Mr. Joseph 
Maudslay was the most successful of this kind of screw ; however, the extra compKcation 
and the excessive wear in the movable parts have led to their use being hmited, and it is 
now found most advisable merely to bolt or key the blades at a determined pitch, which can 
only be modified by the vessel either going into dock or the screw raised on deck with lifting 
gear. Mr. Griffiths*s screw is made on this plan. The boss or centre on which the blades 
are bolted is made from i to ^ the entire diameter of the screw, and in a spherical form. 
Mr. Griffiths thinks that this form gives less obstruction to propelling the vessel than 
when the blades are carried nearer to the centre, and where the angle of the blades is very 
acute ^ith the line of motion. He also advocates diminution on the breadth of the blades 
towards the extremity, and an increase at the base, which is found to lessen the vibration. 
The late Mr. Greorge Rennie had previously entertained this idea, as may be seen from the 
form of blade in his conoidal propeller ; but Mr. Griffiths has taken advantage of later 
experiments, from which it was found that a small part of the convolution of a screw was 
more effective than a complete turn. Mr. Griffiths's screw has had such favourable 
results, that it is now very generally adopted both in Her Majesty's ships as weD as in the 
Mercantile Marine, with the modification of curving the blades at the outer extremities 
slightly forward, as, for example, may be seen in the screw of Her Majesty's ship Lapwing. 
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Diagram of a screw-propeller 
with straight blades, show- 
ing the line of current 
from the blades. 




Diagram of a screw-propeller 
with curved blades, show- 
ing the line of current 
from the blades. 



Referring next to the eflTect of the sphere as regards speed, experiments made on board 
the Conflicty with a common Admiralty screw compared to the same screw with a large 
sphere fixed to the centre, gave the following result : 



speed in knots. 
. 9-425 



Displacement in tons. 
1740 



Hone power — acttuJ. 

784 



814 



Positive Slip. 
1715 

23-26 



Common screw 

Ditto, with sphere . . 9-424 . . . 1752 

The experiments on the Fairy shows a very similar result : 

Speed in knots. Horse power — actaal. 

Common 13-229 ... 406 

Griffith's 13.27 ... 410 

The pitch of the latter was 4 in. greater, but the speed was practically the same as with 
the decreased pitch in the common screw, the diflTerence being in a diminished shp with 
less pitch. The form of propeller much used in the French navy, as well as in the French 
mail steamers, has six narrow blades. Many triids in the French navy, for comparison, 
have been made with it and the Admiralty two-bladed screw, and, although very httle was 
found to be gained in speed, the vibration was sensibly diminished. The Imperial Messagerie 
have also made their experiments during long voyages, and foimd the above results hold 
good in fine weather only ; but in a heavy sea and strong head wind, the surface of the 
six blades being more distributed throughout the circumference than the two blades ; there 
is always more or less of the former screw under the water, however much the vessel 
may pitch, which the illustration below explains. 



^T^-iii -^~p<^ - rirr irr-r^ Ordinary water line. 




^— ^.-— . Water line when pitdiing. 
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it been limited to the paddle-wheel. The general form of a ship, with its masts and sails, 
requires less modification for the screw than the paddle-wheel, and retains all its 
advantages for sailing purposes. In the case of the mail steamers, where it is necessary 
to steam direct from port to port, and sail only when there is a strong and favourable 
wind, the screw is found to be the most economical way of using the steaming power, 
more especially in long voyages, where the draft and immersion of the ship varies 
considerably, at starting, after coaling, on the voyage, and on arrival in port. The paddle- 
wheels are for a great part of the voyage either too deeply or not sufficiently immersed, 
whereas, in the screw propeller, the greater immersion gives the screw a better hold of 
the water, thus compensating, in a great measure, for the increase of displacement in the 
ship without materially affecting the steamilig speed. 

The first practical appUcation of the screw-propeller seems to be due to Shorter — at 
the commencement of the present century — who made numerous experiments, and even 
succeeded in propelling the Superb hne-of-battle ship about two miles an hour ; the con- 
clusion he arrived at was, that a single blade gave the best results. Some twenty years 
later, Brown apphed his gas vacuum-engine to propelling a two-bladed propeller attached 
to a shaft working through a stuffing-box; the best result which he seems to have 
obtained was a speed of seven miles per hour with 12-horse power. In 1836, Mr. Francis 
Pettit Smith obtained his patent for a screw propeller, and appUed it to a small boat 
34 ft. long, 6 ft. 6 in. beam, and 4 ft. draft. The engine consisted of a high-pressure 
cyhnder, 6 in. diameter and 15 in. stroke, which worked a screw 2 ft. diameter, and 2 ft. 5 in. 
pitch ; this was placed in the dead wood at the stem, and not in the bow, as in Brown*8 
boat, by which a somewhat similar speed was obtained ; but its power was subsequently 
shewn by towing the Great Western steamship into the East India Docks. This boat was 
so far successful as to induce Messrs. Wright and Co. — ^bankers — ^to embark in the 
speculation of building a vessel on the same principle, from 200 to 300 tons, and 80-horse 
power ; but no engineering firm seemed willing to undertake such a doubtftQ experiment, 
until at last the late Mr. Greorge Rennie was requested to examine the subject ; and he, 
after giving it his carefiil consideration, came to the conclusion that the principle was not 
only practicable, but would lead to most important results. It was arranged that the firm 
of G, and J. Rennie should construct the machinery, and Mr. Wimhurst the vessel, which 
was to be of wood. The engines were direct acting, as for paddle-wheels, but placed 
longitudinally in the vessel, instead of transversely. The screw-shaft was to be driven by 
means of gearing, in the proportion of 25 revolutions of engine to 133*3 of screw-shaft. 
The screw-propeller was to be placed in a space cut out of the dead wood, just before 
the rudder-post, and the shafting to pass through the stuffing-box. The propeller recom- 
mended by Mr. Smith was to be a complete turn of a single-threaded screw, but a 
double-threaded one was afterwards adopted. In HerapaiKs Journal of June, 1839, the 



Digitized by 



Google 



M^GB.RENNJE'S INTRODUCTION 



MANCIN SCREW" FOR H.M.S I'BULFINCH^by MESS?! J & C.RENNIE. 




"GRIFFITHS" TWO BLADED SCREW for H.M.SVCOLLINCWOOD: 

BY MESS^ JAG. HENyiE. 




£ i: F N ^jpon, 4-iJ Charing Cross Loudct\ 



Digitized by 



Google 



12 , MODERN SCREW-PROPULSION. 

The interest excited by the success of the voyages of the Archimedes iadnced the Admiralty 
to make some comparative trials with a paddle-wheel steamer. Captain E. Chappell, R.N., 
and Mr, Thomas Lloyde, Engineer to the Navy, were directed to superintend them, and 
they proceeded to Dover, in May, 1840 — -just one year after the Archimedes left the Thames 
for that purpose — the paddle-wheel vessel selected was the Widgeon^ the fastest steam 
packet on the Dover station. The following were their respective dimensions : 





Tons. 


Inches. 


Stroke. 


Mean draft of water. 


Widgeon . . 


. . 162 


89 


31 


7-3 


Archimedes . 


. . 237 


36 


S 


9-4 



So that the Widgeon had 10-horse power more and 75 tons less burthen than the Archimedes. 
On the first trial, a distance of 19 miles, the engines of the Archimedes made 27 revo- 
lutions per min., speed 8^ knots per hour, but the Widgeon performed the distance in 6 min. 
less time, and on the return voyage 10 min. less time. The third run the Archimedes was 
only 3 min. less time, making 27 strokes per minute, and performed the distance in 2 hours 
9| min. ; on the fifth trial, both vessels had sails set, the Archimedes beat the Widgeon 
by 9 min., making 27 to 28 revolutions, and 9 to 9 J- knots per hour. Thus the Archimedes 
made the voyage from Dover to Calais in less time than it had been performed by any of 
Her Majesty's Packets, running from port to port in 2 hours and 1 min., and returning in 
1 hour 53|- min. The Archimedes continued to perform her work most satisfiawjtory until 
one morning, before starting, the engineer in charge had omitted to slacken the ftmnel stays, 
which caused the crown of the boiler to collapse, in consequence of the expansion in the 
boiler due to getting up the steam ; unfortunately one man was killed and others severely 
scalded. Efforts were made at the inquest to prove that the accident was entirely due to 
the designs for the machinery made by Mr. Rennie, until the late Mr. Joshua Field — of 
Maudslay and Field — most handsomely came forward, and gave his evidence so conclusively 
in Mr. Rennie's favour, that the case proceeded no further. However, this unfortunate 
accident, although in no way connected with the design or construction of the machinery 
or boilers, had for some time a prejudicial effect against the firm of Rennie in the con- 
struction of marine engines, and they did not, in consequence, reap that benefit from the 
introduction of the screw-propeller which they were entitled to. The Admiralty com- 
menced the Battler screw-ship, but the order for the machinery was confided to Messrs. 
Maudslay and Field, in September, 1841. This vessel was not tried until June 27, 1844. 
when she obtained a speed of 10*074 knots. In the early part of the year 1840 Messrs. 
Rennie imdertook the construction of a rotary engine, designed by (Jalloway, to propel a 
screw vessel built by Messrs. Ditchbum and Mare, called the Mermaid. However, it was 
found difficult to make the joints of the engine tight ; and from the failure of the bank of 
Wrififht and Co., in November, 1840, nothing fiirther was done with the screw-propeller until 
Mr. Rennie and his brother, Sir John, induced the Admiralty, with great difficulty, through 
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Sir G}eorge Cockbum, to purchase of them the Mermaid on the condition a speed of twelve 
mfles was attained on trial. The agreement was made on the 7th of March, 1842. The 
speed proposed was greater than any steamer then in the navy could perform, and the 
payment was to be contingent on that speed being realised. The trial took place over 
the measured mile, on the 15th of May, 1843. The mean speed obtained of 6 runs was 
12*142 miles. The Mermaid's propeller was of cajst iron, and was moulded in loam without 
a model, by means of iron tem-plates cut to the required curve, which was formed from a 
solid cone revolving on its axis, during the perpendicular descent of a tracer. 

The length of the Mermaid^ or Dwarf, was . 180 feet. 

Beam 16 ft. 6 in. 

Draft . . . . • • . 5 ,y 6 ,y 

This trial was considered so satisfactory, that the Admiralty completed the purchase, and 
thus the Mermaid, afterwards named the Dwarf , was the first screw vessel introduced 
into Her Majesty's Navy. The trials of the Dwarf and Battler conclusively established 
the advantages, in naval warfare, of the screw over the paddle-wheel for propelling 
ships. 

The study of the action of the screw, and its position in the dead wood at the stern, 
led to an improvement in the Unes of vessels by giving them a finer run, which was aft/cr- 
wards adopted in every class of vessel, sailing as weU as steam ships. The next step 
was to get a class of engine especially adapted to work directly on the screw shaft, without 
the intervention of gearing, and to make a greater nimiber of revolutions per minute than 
paddle-wheel engines. The Board of Admiralty, at the suggestion of the Harbour Defence 
Commission, determined to take advantage of this system of propulsion by constructing 
some sixteen ships, especially for defence of the ports ; eight of which were called block ships, 
and the other eight line-of-battle ships and frigates. The only conditions stipulated were, 
that the machinery should be placed below the water line. Those made by Messrs. 
Maudslay and Sons, Messrs. Boulton and Watt, Messrs. Seaward, Messrs. Penn 3.nd 
Sons, and Messrs. Bennie, were direct-action horizontal engines, with a speed varying 
from 45 to 60 revolutions per minute. Messrs. Miller and Ravenhill, were also at this 
time constructing a direct action engine for the Amphion, aft;er Count Rosen^s plan, ordered 
the year previously. These engines had a stroke of 4 ft. and to make 48 revolutions 
per minute. 

In the merchant service, the Ghreat Britain of 3400 tons, then the largest ship and 
wonder of the age, designed as an ocean steamship by Mr. Brunei, played a most im- 
portant part in furthering the introduction of screw-propulsion; but the errors of the 
construction of the machinery and the engines were prejudicial to the system being 
considered favourably for full powered ships, and screw-propellers were only held to be 
advantageous as an auxiliary in calms and favourable winds. However, further experience 
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has proved the screw to be a more useful propeller than the paddle-wheel, whether in the 
calm seas of the Mediterranean, or in the high waves of the Atlantic, and nearly all large 
steamers for ocean mail service are constructed for screw-propulsion, and many instances 
might be cited, both in this country and in France, where it has been found worth while 
to alter, comparatively speaking, new paddle-wheel ships into screws, At a cost not much 
under a foiu^ih, or even a third, of the cost of a vessel when new. 

After some years* experiments with a single screw, a system of two screws instead of 
one came into practice with the idea that this application of the screw in certain cases 
was more advantageous ; so that a few remarks on the double screws will be desirable. 

DOUBLE SCREWS. 

The original advocate of this system was Captain Carpenter, R.N., who, in 1840, 
had a small model made and tried on the Serpentine, with such success, that Mr. Rennie 
constructed a small iron vessel on this principle in 1852 for Said Pasha, for the pur- 
pose of navigating the canals in Egypt. This boat had only two feet draft of water, and was 
propelled by two screws, each worked by a separate Disc engine. Several others on the 
same system were constructed, and also ten iron gunboats, of 20-horse power each, were 
made by Messrs. Rennie for the Indian Government in 1857. Each screw in these cases 
was worked by a single horizontal cylinder piston-rod engine ; others, again, on a larger 
scale, and similar in other respects to the above, were made and sent out to the Phillipine 
Islands for the Spanish Government. These vessels had only 2 ft. 4 in. draft of water, 
fitted with engines of 20 and 30-horse power, and under these conditions a single screw- 
propeller could hardly be expected to give a good result : hence the application of two 
screws for augmenting the surface of propulsion. It is thought by some that a higher 
degree of speed may be obtained in vessels of deep draft by adopting this system ; but the 
limit of advantage is evidently to such vessels only where the draft of water will not 
admit of a single screw of sufficient dimensions to give the proper resistance for propul- 
sion. However, for particular purposes for the manouvring of ships of war, two screws 
may be found more serviceable. 

ON THE DIFFERENT FORMS OP THE SCREW-PROPELLER IN USE. 

The screw first proposed by Mr. Smith, for the Archimedes^ was that of the trace of 
a single thread wound around a cylinder, which was afterwards superseded by another, 
with a double-thread, each thread having half a turn. Mr. Rennie was led, fi*om considering 
the action of a fish's tail on the water, to design one of a form traced out by one or 
more threads wound around a cone instead of a cylinder. A series of experiments were 
made with this propeller, and foxmd to answer the expectation of its designer. The three 
forms are shewn in the next page. 
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It would be quite impossible to describe here all the various forms suggested by in- 
ventors, but a very complete and interesting collection may be found at the Patent OflSce, or 
in " The Screw-Propeller/' by Bourne. The screw adopted by the Admiralty for some time 
was a section of two-threaded screw, conmionly known as the Admiralty two-bladed screw, 
the length being ^ of the pitch. These proportions were arrived at after a series of 
experiments. For speed in smooth water it is very questionable whether there is a more 
efficient propeller, but for other reasons, such as vibration and imiform action in a sea-way, 
other forms are found preferable. Some few years ago screws, with movable blades for 
regulating the pitch by means of gear worked from the deck, and known as the diflferential, 
or feathering screw, were considered of great importance, as the pitch of screws might be 
varied to the wishes of the captain and engineer, according to whether the wind was 
ftvourable or adverse, and thus adapt the speed of the engines, so that the greatest power 
might be developed under all circumstances. That made on the patent of Mr. Joseph 
Maudslay was the most successftd of this kind of screw ; however, the extra compUcation 
and the excessive wear in the movable parts have led to their use being limited, and it is 
now found most advisable merely to bolt or key the blades at a determined pitch, which can 
only be modified by the vessel either going into dock or the screw raised on deck with lifting 
gear. Mr. Griffiths*s screw is made on this plan. The boss or centre on which the blades 
are bolted is made from i to -J^ the entire diameter of the screw, and in a spherical form. 
Mr. Griffiths thinks that this form gives less obstruction to propelling the vessel than 
when the blades are carried nearer to the centre, and where the angle of the blades is very 
acute with the line of motion. He also advocates diminution on the breadth of the blades 
towards the extremity, and an increase at the base, which is found to lessen the vibration. 
The late Mr. George Rennie had previously entertained this idea, as may be seen from the 
form of blade in his conoidal propeller ; but Mr. Griffiths has taken advantage of later 
experiments, from which it was found that a small part of the convolution of a screw was 
more effective than a complete turn. Mr. Griffiths's screw has had such favourable 
results, that it is now very generally adopted both in Her Majesty's ships as well as in the 
Mercantile Marine, with the modification of curving the blades at the outer extremities 
slightly forward, as, for example, may be seen in the screw of Her Majesty's ship Lapwing. 
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Diagram of a screw-propeller 
with straight blades, show- 
ing the line of current 
from the blades. 




Diagram of a screw-propeller 
with curved blades, show- 
ing the line of current 
from the blades. 



Referring next to the eflfect of the sphere as regards speed, experiments made on board 
the Conflict^ with a common Admiralty screw compared to the same screw with a large 
sphere fixed to the centre, gave the following result : 



Speed in knots. 
9-425 



Displacement in tons. 
1740 



Hone power — actoaL 

784 

814 



Common screw . 

Ditto, with sphere . . 9-424 . . . 1752 

The experiments on the Fairy shows a very similar result : 

speed in knots. Horse power — actaal. Positive Slip. 

Common 13-229 ... 406 ... 1715 

Griffith's 13.27 ... 410 ... 23*26 

The pitch of the latter was 4 in. greater, but the speed was practically the same as with 
the decreased pitch in the common screw, the difference being in a diminished slip with 
less pitch. The form of propeller much used in the French navy, as well as in the French 
mail steamers, has six narrow blades. Many trials in the French navy, for comparison, 
have been made with it and the Admiralty two-bladed screw, and, although very little was 
found to be gained in speed, the vibration was sensibly diminished. The Imperial Messagerie 
have also made their experiments during long voyages, and found the above results hold 
good in fine weather only ; but in a heavy sea and strong head wind, the surface of the 
six blades being more distributed throughout the circumference than the two blades ; there 
is always more or less of the former screw under the water, however much the vessel 
may pitch, which the illustration below explains. 



-= Ordinary water line. 








Water line when pitching. 
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It is considered that as the blades are more numerous and less in size, the action is 
more imiform, and that there is more equality of resistance owing to a portion of the sur&ce 
of the screw being in deeper water than in a two-bladed one, where the resistance con- 
tinually varies throughout the revolution, and gives rise to a certain amount of vibration. 
The accompanying drawing is that of a screw-propeller of six blades, made on the above 
principle for the Charkieh. These blades were keyed on for the purpose of varying the 
pitch, and made of wrought iron in order to combine strength with a thin and narrow 
blade. Particulars of this vessel and her engines may be seen in " Burgh's Modem Marine 
Engineering." 

The following comparison of a three-bladed and a six-bladed propeller is extracted 
firom the log of the steam ship Charkieh^ to show the relative speed of the two : 



Kind of propeller. 



6ix-Uaded screw firom Malta to Alexan- 
dria, after being docked, May 17 
1866 

Three-bladed screw from Venice to Alex- *i 
andria, after being docked, July 27th, > 
1867 3 



)xan-) 
I7th,j 





Beyolutions 


Ck>al8 conBoined per boor. 


Mean speed in 
knots per boor. 


lbs. 


per minute. 


cwts. qn. lbs. 


knots. 


18-8 


60-4 


33 3 15 


10-65 


19-2 


58-9 


84 9 


10-69 



So that, practically speaking, there is very Uttle difference as regards speed or economy of 
fuel in using either the six or the three-bladed propeller in smooth weather, but the vibra- 
tion in the former was considerably less. 

Trials of comparison, made by order of the Admiralty, with a two, a four, and a six- 
bladed propeller, on board the Emerald^ show the following results respectively, (after cor- 
rection for the reduction of tonnage and horse power to the same in all csises) : 

11-49 knots— 1179 knots— and 11-87 knots. 

A form of screw much used in the French navy, and in some of Her Majesty*s ships, 
is that proposed by M. Mangin. It consists of two narrow blades, one placed immediately 
behind the other, each of a similar and uniform pitch. That made for the BuUJinch is an 
illustration of this construction, as shown by the plate. 

Another form is the four-bladed French screw, with the pitch of one-half of the blade 
in excess of that of the other half. This screw, as used in the English navy, almost always 
shows an apparent negative slip. 

The following particulars, taken from some experiments to determine the resistance 
of different forms of screw-propellers, by the late George Bennie, give some interesting 
information on the subject : the results of these experiments, made on differently formed 
propellers, for the purpose of ascertaining, first, the effect of screw-propellers when con- 
fined in tubes of a conical form ; secondly, the effects of the form of propellers working 
alone and not in tubes, are on the next page. 
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The common two-bladed screw^ 13 in. diameter, pitch 20 in., 
600 revolutions per minute, when working in a depth of 12 in. 
above top of screw, gave a pressure 

(1 ft. 5^ in. diameter, large end. 
of 69 lb. in a conical tube •< 1 „ 2| „ „ small end- 

(l „ 7 „ in length. 
The saw^e two-bladed screw, when immersed and working in 
a depth of 12 in. above top of screw, gave a pressure of 144 lb., 
or more than double what it gave when confined by the tube. 



Without working in a tube. — The effect produced by a three- 
bladed screw-propeller of nearly similar diameter 13^ in., and 
pitch 20 in., area of circle 1 square foot as the two-bladed screw, 
moving with the same velocity of 600 revolutions per minute, and 
immersion of 12 in. above the level of the screw without a tube, 
amoimted to a pressure of 157 lb. 




Without working in a tube. — The effect produced by a two-bladed screw-pro- 
peller, 13^ in. diameter, and 20 in. pitch, area of circle, 1 square foot, but tapered 
at the outer extremities of the blades to a parabolical form, as in the figure, 
was :— 137 lb. 




Without working in a tube. — The effect produced by a two-bladed screw-pro- 
peller, similar to the common screw, diameter 13^ in., and 20 in. pitch, area 
1 square foot, but having a portion of the interior of its blades cut away in 
hollow curves, as shown, was 1761b. 



ON THE ACTION AND EPPICIBNOY OP THE SOBEW-PEOPELLBE. 

The main object of every propeller is to utilise the power in such a manner that the 
greatest possible speed may be obtained with the least possible power; also that its 
position may be such, so as not to inconvenience the ordinary working or manosuvring 
of the ship ; and that its effect may be produced without any disagreeable sensation to 
those on board. 
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The screw-prcpeUer^ if due attenidoii be paid to its action, is capable of fulfilling these 
conditions in a high degree : first of all, it is necessary that it have sufficient surfSEU^e in 
order to give the required resistance ; and secondly, that this surface be so applied as 
to give the least sUp^ the least fricticn^ and the least vibration. 

The slip will vary with the angle of the propeller, the velocity of the blades through 
the water, and the depth of their immersion. 

The friction will depend on the smoothness and equality of the surface of the blades, 
and their velocity through the water. 

The vibration wiU be. influenced by the form of the blades, and the uniformity of their 
resistance throughout their surface. 

THE SLIP OP THE 8CREW-PB0PELLEE. 

The true slip of a screw-propeller may be represented by the velocity of the current 
of water pushed back by the screw blades ; when the propeller is close to the stem of the 
ship, it pcbrtly arrests the flow of the water which follows the ship, and thus lessens 
the hydrostatic pressure which urges the ship forwards; generally the area of the 
current caused by the ship exceeds the area of the current forced back in an opposite 
direction by the screw; and the alteration in the resistance so produced constitues a 
difference between the total thrust and the effective thrust^ this difference, or loss of thrust, 
being proportional to the difference between the real and apparent slip. 

It will be observed firom this, that a screw working in the onuHjrd current may 
indicate a result such, that when this current exceeds in velocity that of the opposite 
current caused by the screw, there will be an apparent negative slip ; or, in other words, 
the ship will appear to go faster through the water than the revolutions of the screw 
multiplied by the pitch, indicate. 

The current caused by the onward motion of the ship has a velocity at the stem 
equal to that of the ship itself, and diminishes in proportion to the extent of the area of 
water forming the current, so that the greater the distance the particles of water are firom 
the ship, the less is their velocity. From this it is evident that a screw, which works 
close to the stem, is more affected by the current than one working some little distance 
fi^m it, and will show a greater apparent slip^ as its distance firom the stem increases, 
until the apparent slip becomes equal to the real slip. 

AU screws have a real positive slip^ but the coarser the pitch the greater is the shp. 
With screws of a coarse pitch, the fottomng current usually reduces only the amount of 
apparent positive slip; but with fijie pitched screws, where the real positive slip is small, then 
a negative shp will sometimes be apparent ; when either of these occur, it may be safely 
inferred that the screw is not in its most advantageous place. 

Mr. Froude gives the results of some experiments made by him in a small boat 3 ft. 
in length, which confiirm the preceding views. He foimd that by tne removal of the 
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propeller from its ordinary position to just abaft of the after stem-post, a larger increase 
both of speed and distance run over for a given power and number of revolutions was 
produced, and that each succeeding position ferther aft was attended with a farther 
increase of speed, although towards the final position of maxiTnuTn advantage the rate 
of increase was less, and by comparison with the result obtained, when the propeller 
occupied its ordinary position with that of its position of maximuTn advantage, the speed 
increased from 0*98 to 1'40 knots per hour. 

In the case of double screws working imder the quarter, the increase of advantage 
is not quite so apparent, as a great part of the screw works farther from the ship's side, 
and therefore is not so much affected by the current ; however, several cases might be 
cited in which an increased result is gained by placing the screws well aft, as in the 
following example, which gives the result of the trials of three different boats of the same 
dimensions and weighted to the same displacement, with the screws in different positions. 

There was but Uttle difference in the indicated horse-power of the engines at the 
time of trial ; but in order to make a more ready comparison the comparative speeds have 
been calculated, supposing the same power to have been obtained in all cases. The accom- 
panying plates shows the relative positions. 



DitUnM of centre line of screw 
from stem-poet, 
ft in. 
4i 

8i 

1 Oi 



Speed of ships in knots. 

8117 
8-003 
7-642 



Slip per cent. 

10-5 

28-29 

37-64 



No. of boat 



The screw-propellers were of similar construction, but the areas slightly differed. 



Thus: 



sq. in. 
Areas of blades (No. 1) 254 
Pitch 3ft. 



•q. in. 
(No. 2) 286 

3 ft. 6iin. 



•q. in. 
(No. 3) 296 

3ft. 9m. 



The following shows the advantage of working screw-propellers in double-screw ships 
outwards instead of inwards, as in Her Majesty's ship VixeUy given below. 



Wsj of working. 




Mean indicated 
horse-power. 



751 



766 



Mean reyolations 
per minate. 



Ill* 



114i 



Mean speed in 
knots. 



9-216 



9004 
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ARRANGEMENT OF TWIN SCREWS. 
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The plan of working screws outwards has been adopted by Messrs. Rennie for some 
years. 

THB BPPBOT OP THE ANGLE AND THE DEPTH OP IMMERSION OP SOEEW-PEOPELLEB BLADES. 

The action of a screw-propeller is that of one or more blades forming portions of a 
screw, which act obliquely on the water, and rotate about a central axis. 

As is well known, the resistance to a body passing through water acts perpendicularly 
to its sur&ce, and therefore the more the propelling blade is at a right angle to the line of 
motion of the vessel, the greater will be the proportion of thrust in that direction ; but 
since the principle of a screw is that of an inclined plane revolving about a centre — ^the 
angles of which vary according to the diameter, there must of necessity be some angle in 
the blades, and consequently a certain amoimt of lateral resistance, which will be 
proportional to the angle of the blade ; this is usually coimteracted or balanced by the 
successive positions of the blade as it rotates roxmd its axis, and is thus not apparent in 
the ship's motion. However, this is not always the case, for, since the resistance 
materially increases according to the depth of immersion, the resistance on the blade in its 
lower position exceeds that in its upper position, and a sensible lateral motion is the result. 
The greater the diameter and the greater the angle of the blade the more is the motion 
apparent, and may accoimt for the fact that some screw steamers are said to carry a 
port or starboard helm. The late Mr. Joseph Maudslay frequently illustrated the effect of 
this difference in resistance in a very striking maimer. He had his yacht fitted with one 
of his feathering propellers, with the blades fixed fore and aft in a line with the keel, 
and when the engines were set in motion, the vessel very soon turned roimd on its centre. 
Double-screw steamers have been made in America with very large propellers, a con- 
siderable portion of them being out of water, in some cases amounting to half their 
diameter ; the lateral motion is balanced by each propeller being made to revolve in an 
opposite direction ; and since the limit of a screw-propeller's diameter is the draught of 
water of the ship, a much larger propeller, with proportionately smaller angles, may be 
obtained by this arrangement. 

The following Table shows the difference in resistance of a screw working at different 
depths, taken from some experiments made in 1856, by the late George Rennie, in the 
River Thames. 

The propeller used was a brass two-bladed Admiralty screw ; diameter 1ft. 9 in. 
area of circle 346^ square inches. 

Revolutions at all depths — 558 per minute. 
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No. of 


Height of warer abore top 


Weight to balance 


No. of 


Height of water above top 


Weight to balance 


exptrimcnts. 


of acrew. 


thnut of acrew. 


experimanta. 


of screw. 


throat of acrew. 




ft in. 


Iba. 




ft. in. 


Ibe. 


1 


Water leyel , 


49 


8 


AboYC ..26 


364 


2 


Above ... 3 


50 


9 


..30 


369 


8 


„ ..06 


196 


10 


..36 


371 


4 


„ ..09 


224 


11 


..40 


385 


5 


„ ..10 


252 


12 


..46 


399 


6 


„ ..16 


280 


13 


„ ..50 


405 


7 


„ ..20 


343 









The ordinates of the above thrusts are approxiinatelj represented by a parabolic 



curve. 



It was proposed by Mr. Arthur Bigg, about a year or two ago, to increase the 
efficiency of screw-propellers by fixing blades of a screw-propeller to the stem-post abaft 
the working screw, in order that the current pushed back by reaction against these blades 
might assist in thrusting the ship forwards ; but they appear to have the effect of merely 
deflecting the current in the opposite direction, without any beneficial results, except in 
the case of narrow channels, such as canals, where Mr. Eigg affirms there is an additional 
thrust, as shown in the trials given below. 

The following experiments were made on a steam pinnace belonging to Mr. G. B. 
Rennie, in order to test the efficiency of Mr. Arthur Rigg*s " deflector vanes^^ when fixed 
on the after stem-post.. 

Six runs with and against tide were made on each trial : 



Preanne of ataam. 


Mean Ko. of 
revolationa. 


Corrected mean 
speed in knots. 


Slip per cent. 
+ Positive. 
— NegatiYC. 


Remarks, &c. 


45 lbs. 

» 


172-5 
162-83 

235-5 

227-33 

120- 

180-83 

22616 

167.16 

162-66 


4-736 
4-544 

4-856 

4-486 
3-777 
4-555 

3-854 

3-911 

4-250 


7-24 4- 
5-72 4- 

4.47 - 

2-25 - 

20-24 -h 
14-90 4- 

13-64 4- 

20-95 4- 

11-73 4- 


Griffith's screw 3 blades 3 feet pitch, 23i in. 
diameter. 

Do. with deflector vanes, 8 in number, 23i in. 
diameter, and set to angle of 30^, fixed to 
after stem-post. 

Pitch of screw reduced to 2 feet without 
vanes. 

Do. with vanes as before. 

Pitch of screw 4 feet, with vanes as before. 

Pitch of screw 3 feet, diameter reduced to 
21 in., diameter of vanes 21 in., angle 30®. 

6 bladed-screw model of Charhieh screw, dia- 
meter 23i, and 2 ft. pitch. 

Griffith's screw 23i diameter, and 3 fl. pitch, 
vanes set at 10° at boss, and 20° circum- 
ference. 

The same screw vanes set at 0° at boss, and 
10° at circumference. 



The following comparison, with and without Rigg's deflectors, tried on a steam-tug 
on the Grand Junction Canal, is furnished by Mr. Arthur Rigg : 
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Steam. 




Tension bj iprlng dTnimometer. 


Without deflectors . 


. . 701b. 


240 


6i to 6i cwts. 


With 2 deflectors 


. . 65 „ 


230 


7fto8 „ 



FBIOTION OP THE BLADBS OP 8CEBWS IN WATER. 

The Friction of the blades in their revolution through the water absorbs a 
considerable amount of the power of the engines, without adding any increase to their 
propulsive power. This resistance is commonly known to vary in proportion to the 
8ur£Btce in contact, to the density of the fluid, and approximately to the square of the 
velocity. Many experiments have been made to test the frictum of water passing through 
iron pipes, and the coefficient deduced from them may be taken on an average at 0*0064. 

The co-efficient o/Jridiony deduced from the experiments of Messrs. William Fairbaim 
and James Thomson on revolving discs, is 0*002. It is probable that this last is too small 
for a screw blade where the surface has usually all the roughness due to a casting from 
either sand or loam ; and, in order to determine more exactly the friction of water on the 
blades, some farther experiments on large cast-iron or brass blades revolving in water 
require to be made. 

Some considerable resistance is also due to the thickness which is given to the blades 
at their edges, as well as to the swell at their back, in order to have sectional area 
sufficient for the strength required. This resistance, as well as the friction on the sides 
of the blades, is so much abstracted from the power of the machinery available to propel 
the vessel. 

Professor Macquom Rankine has written some admirable papers On the Mechanical 
Principles of the Action of Propellers^ published in the " Transactions of the Institution of 
Naval Architects,'* in which he has mathematically investigated the subject, and given the 
algebraical expression for the resistance due to the friction of water on the screw, and 
thereby the consequent loss of thrust. 

Vibration. — The vibration arising from the action of a revolving screw is due to 
several causes, but chiefly to the inequality of resistance during its successive positions 
round its centre, and to its being in too close proximity to the stem-posts, or sides of 
the ship. 

With respect to the latter, the vibration is probably due to the water which is carried 
round by the blades and is partially arrested in passing through the space between the lower 
and upper parts of the stem-posts. The larger the blades the greater is the quantity of water 
taken roimd by them. To this may be attributed the less vibration experienced with the 
French small six-bladed screw than with the larger two-bladed Admiralty screw. A broad 
stem-post, where there is a large body of dead-water behind it, will much add to the vibra- 
tion, in consequence of the abstraction of the water from the stem-post as the blades 
pass by it, and the rush of other water to take its place. It is obvious that the nearer the 
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It is considered that as the blades are more numerous and less in size, the action is 
more uniform, and that there is more equality of resistance owing to a portion of the surface 
of the screw being in deeper water than in a two-bladed one, where the resistance con- 
tinually yaries throughout the revolution, and gives rise to a certain amoimt of vibration. 
The accompanying drawing is that of a screw-propeller of six blades, made on the above 
principle for the Charkieh. These blades were keyed on for the purpose of varying the 
pitch, and made of wrought iron in order to combine strength with a thin and narrow 
blade. Particulars of this vessel and her engines may be seen in " Burgh's Modem Marine 
Engineering." 

The following comparison of a three-bladed and a six-bladed propeller is extracted 
firom the log of the steam ship Charkieh^ to show the relative speed of the two : 



Kind of propeller. 


Steam in boilers. 


Bevolutioni 


Ck>als coninmed per bonr. 


Metnipeedin 
knots per boor. 




Ibe. 


per minute. 


cwts. qn. lbs. 


knoU. 


^•bladed screw from Malta to Alexan-^ 










dria, after being docked, May 17th, > 


18-8 


60-4 


83 3 15 


10-65 


1866 ) 










Three-bladed screw from Venice to Alex- ' 










andria, after being docked, July 27th, • 


19-2 


58-9 


84 9 


10-69 


1867 ) 











So that, practically speaking, there is very little difference as regards speed or economy of 
fuel in using either the six or the three-bladed propeller in smooth weather, but the vibra- 
tion in the former was considerably less. 

Trials of comparison, made by order of the Admiralty, with a two, a four, and a six- 
bladed propeller, on board the Emerald^ show the following results respectively, (after cor- 
rection for the reduction of tonnage and horse power to the same in all cases) : 

11-49 knots— 11-79 knots— and 11-87 knots. 

A form of screw much used in the French navy, and in some of Her Majesty's ships, 
is that proposed by M. Mangin. It consists of two narrow blades, one placed immediately 
behind the other, each of a similar and uniform pitch. That made for the BvUJinch is an 
illustration of this construction, as shown by the plate. 

Another form is the four-bladed French screw, with the pitch of one-half of the blade 
in excess of that of the other half. This screw, as used in the English navy, almost always 
shows an apparent negative slip. 

The following particulars, taken from some experiments to determine the resistance 
of different forms of screw-propellers, by the late Gteorge Rennie, give some interesting 
information on the subject : the results of these experiments, made on differently formed 
propellers, for the purpose of ascertaining, first, the effect of screw-propellers when con- 
fined in tubes of a conical form ; secondly, the effects of the form of propellers working 
alone and not in tubes, are on the next page. 
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Black Prince, Betterophon, <fec. Taking this last as an example, the following is the 
result: 



Angle of extreme 
dealofbUdte. 


Velocity of circum- 
ference in feet. 


Slip per cent 


Speed in 
knots. 


Bemarka. 


19° 36" 1 


4350 
5177 


1-40 
2-62 


12103 
14-227 


Half power. 
Full power. 



An examination and comparison of the results of the trials of different screws on 
ships is often no easy matter, owing to the variety of circumstances which affect each 
trial, and from the great diflBculty of obtaining accurately recorded results. The most 
reliable information may be gained from the trial of Her Majesty's ships under the 
direction of the Admiralty, where great pains are taken, more especially of late years, to 
get the true results under as nearly as possible the same circumstances. Several runs 
are made (generally six, with ftdl power) over a measured nautical mile, or knot, at ftill 
steam, and the steam is not allowed to be shut off or throttled from the engines the whole 
duration of the trial, usually from two to three hours ; but should anything casually happen 
which would cause a stoppage or slackness of speed, the whole trials have to be 
recommenced and fresh observations taken, which include not only the exact time in 
running each mile, but the indicated horse-power of each cylinder, and the total number 
of revolutions made while running the mile, the state of the weather, &c. After each 
trial the screw-propellers are measured both as to diameter and pitch, the draught of 
water fore and aft, the displacement and midship section of the ship duly recorded. But 
after all this, there are still circumstances which may affect an accurate comparison. The 
indicated power may not represent the actual power, from some fault or error in the 
instrument by which it is expressed. The power may not be so advantageously employed 
in one vessel or at one time as another, from imdue friction or other causes, the form of 
vessel, and the state of cleanliness of its bottom ; a few days laying in muddy water may 
materially alter the speed. The propeller blades may not have that rigidity so as to 
preserve the same pitch or angle during trial as when in a state of rest. There are also 
circumstances where the screws have to be adapted for the most economical way of 
working the engines ; for example, a fine-pitch screw of itself may be better than a coarse 
one, but it may be more advantageous to have a coarser one, giving more slip with a 
decreased number of revolutions ; but this is a question that has to do with the 
machinery, and depends on the relative size of boilers, pipes, passages, cylinders, the 
balance of the engines, &c., (fee. 

In conclusion, the foregoing remarks and the few examples cited, which appear to 
bear more prominently on the subject, can only be considered as an attempt to arrive at 
some general principles so as to determine the most suitable form of screw-propeller, and 
may be summed up as follows : 
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Ist. That a screw-propeller should be in such a position as to be little influenced 
by the currents resulting from the ship's motion. 

2nd. That an increase in the depth of water increases the resistance for the same 
8ur&ce. 

3rd. That the smaller the angle of the blade with its plane of rotation, the greater is 
the eflTective thrust in propelling the ship forwards. 

4th. That an increase in the velocity of propelling sur&ce increases the eflective 
resistance. 

5th. That with an increase of velocity the surface should be reduced, in order to 
diminish the friction on the blades. 

6th. That, in order to reduce vibration, there must be as nearly as possible an 
equality of resistance throughout every part of the blades, and throughout their revolution 
round the axis, and that the currents created by the screw should be as little as possible 
influenced by the retarding effiBct of the stem-posts, or sides of the ship. 



g2 



Digitized by 



Google 



28 MODERN SCREW-PROPULSION. 



CHAPTER III. 

the geombtby of scrbw-peopbllbes. 
By N. p. Buegh. 

PRINCIPLES. — The common screw-propeller is simply a portion of the length of a con- 
tinuous screw : for example, the thread portion of a carpentry screw cut into short 
lengths less than its diameter, will represent minute screw-propellers. In either case a 
band of metal of a certain width is woimd round a cylinder on its edge, the cylinder cor- 
responding to the boss of the propeller and the root of the carpenter's screw. In technical 
language the band is termed the " thread" of the screw, and the distance between these 
threads the " pitch" — ^the pitch being the main element in the consideration of the entire 
matter, as will be hereafter explained. 

It is a fact more generally known than appreciated, that the elements of a screw are as 
a wedge in its action : for example, in Plate 1, Fig. 1, is an outline of a wedge of which ABC 
are the extreme points, and L the load at C ; in Fig. 2, the load is at A, and is lifted in 
height H, a distance equal to A B, the travel of the wedge being equal to B C, or its length 
on the base line. On examining Fig. 3, the analogy between the wedge and the screw is 
obvious ; H H is the half pitch of a screw, P P, the ftdl pitch, and D the diameter. Sup- 
pose the screw to revolve one turn or circumference ; A will be at B, and B at B\ and the 
wedges ABC and B B* C* formed in principle ; i. e. if the edge of the thread of the screw 
had been imwoimd from the barrel on which it is formed. Evidently also the lengths of 
the inclined planes, A C, and B CS depend on the diameter D and pitch P. The diflterence 
in the hypothenuse, A C, and the base line, B C, is a matter of simple calculation : thus 
A B' + B C'= A G\ then ^AB^ + BC'=AC. Therefore the base line of the wedge is equal 
to the circumference of the screw, and the height equal to the pitch, thus making the 
hypothenuse or inclined plane equal to the length of the spiral ; or, to be concise, the 
three elements of the screw form a right angle triangle. Continuing our investigation of 
this matter, we come to the difference in the action of the revolving screw when ad- 
vancing and when fixed at each end. Fig. 4 is a common screwed bolt with a block, A, on 
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The plan of working screws outwards has been adopted by Messrs. Rennie for some 
years. 

THB BPPBOT OP THE ANGLE AND THE DEPTH OP IMMERSION OP SCEEW-PEOPBLLBB BLADES. 

The action of a screw-propeller is that of one or more blades forming portions of a 
screw, which act obliquely on the water, and rotate about a central axis. 

As is well known, the resistance to a body passing through water acts perpendicularly 
to its surfiM^, and therefore the more the propelling blade is at a right angle to the line of 
motion of the vessel, the greater will be the proportion of thrust in that direction ; but 
since the principle of a screw is that of an inclined plane revolving about a centre — ^the 
angles of which vary according to the diameter, there must of necessity be some angle in 
the blades, and consequently a certain amoxmt of lateral resistance, which will be 
proportional to the angle of the blade ; this is usually coimteracted or balanced by the 
successive positions of the blade as it rotates roimd its axis, and is thus not apparent in 
the ship's motion. However, this is not always the case, for, since the resistance 
materially increases according to the depth of immersion, the resistance on the blade in its 
lower position exceeds that in its upper position, and a sensible lateral motion is the result. 
The greater the diameter and the greater the angle of the blade the more is the motion 
apparent, and may accoimt for the fact that some screw steamers are said to carry a 
port or starboard helm. The late Mr. Joseph Maudslay frequently illustrated the effect of 
this difference in resistance in a very striking manner. He had his yacht fitted with one 
of his feathering propellers, with the blades fixed fore and aft in a line with the keel, 
and when the engines were set in motion, the vessel very soon turned roimd on its centre. 
Double-screw steamers have been made in America with very large propellers, a con- 
siderable portion of them being out of water, in some cases amoimting to half their 
diameter ; the lateral motion is balanced by each propeller being made to revolve in an 
opposite direction ; and since the limit of a screw-propeller's diameter is the draught of 
water of the ship, a much larger propeller, with proportionately smaller angles, may be 
obtained by this arrangement. 

The following Table shows the difference in resistance of a screw working at different 
depths, taken from some experiments made in 1856, by the late Gteorge Rennie, in the 
River Thames. 

The propeller used was a brass two-bladed Admiralty screw ; diameter 1ft. 9 in. 
area of circle 346^ square inches. 

Revolutions at all depths — 558 per minute. 
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it. Let us assume the blocks A, to hefixed^ and the bolt turned by the head, S, until it has 
reached A, the position of the bolt would be as in Fig. 5. Referring next to Fig. 6, we 
find that the bolt is hung in bearings, F F, at each end and the block is loose. So that by 
allowing the block to sHde on the screw when the bolt is turned, it A, reaches to F. 

We have thus far described and illustrated the principle of the common screw, and 
we next proceed with its application for propulsion. The ordinary propeller is therefore 
simply a portion of one, two, or more spirals or threads wound roimd the boss or barrel, 
and the length of the screw defines the area of each blade to a great extent. 

The Gbombtby op the Common Sceew-Pbopeller. — ^When the diameter, pitch, and length 
on the line of keel of a propeller are known, the mode of forming the curve of the edge of 
the blade is as shown by Fig. 7. Divide the semi-circimiference.of the circle F, which is 



equal in diameter to 
that of the screw, into 
an equal number of 
parts; also the half- 
length of the pitch, 
A E, into the same 
number of parts ; then 
draw horizontal and 
vertical lines from the 











iHPfiiMittt 



» I " 

j-tti 

C ED 

DELINEATION OF THE COMMON SCREW. 

Fig. 7. 




vide the pitch into four 
equal main divisions at 
the three points, C, E, 
and D. Through the 
intersections of the 
vertical and horizon- 
tal lines draw curves 
in opposite directions, 
cutting each other at 
the centres over C and 



divisional points; di- 

D. These will define what is generally termed " the angle of the blade,*' or, more cor- 
rectly, the " helices." It will be noticed that the plan and elevations of the propeller are 
also shown in their respective positions, the definition of which will be more readily 
understood from Plate 2. Fig, 8 is the plan, side elevation, and end elevation of the screw, 
resulting from the intersections of the vertical and horizontal lines of construction. The 
mode of producing the dimensions of the propeller is simply as follows : Having"^settled the 
diameter, D, describe the radius ; next draw the helices in the manner before explained ; 
then determine the length, L, of the blade on the line of keel, which gives the angular or 
extreme width, B W, and the lines, F F, will determine the horizontal width, H W, in the 
end elevation. Should the leading and trailing corners of the blade be curved, E W and 
H W will be reduced proportionately, as indicated by the full lines in the plan and end 
elevation. Next, as to the side elevation ; which is formed by the length, L, the diameter, 
D, and a portion of the hehces of the top and bottom blades. The vertical section of the 
top bladQ is also shown, to which reference will be made ; but first we must consider how 
to determine the form of the blade below the top edge, as shown in the plans. Com- 
mencing with a sectional plan, taken at A, in the side elevation ; Fig. 9 is produced, the 
length on the line of keel being Uie same as in Fig. 8 ; next Fig. 10 is drawn, being a 
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section througli B in the side elevation ; and, thirdly, Pig. 11, being the section through 0. 
In passing, it may be added that the length, L, is the same in all cases. Now, then, for 
the actual thickness in each case; this is produced from the position of the sectional 
lines. A, B, and C, in the side elevation, and transmitted to the corresponding sectional 
plans. The fact is apparent also, that, although the pitch of the blade is the same 
throughout its depth or distance from the boss to the extremity, the angles of the sections 
are all different — ^the shape of the blade starting at an acute angle with the boss, and 
gradually approaching the obtuse angle of the extremity or outer edge. It is equally cer- 
tain, that if the side edges, E E, of the blade are radial lines from the centre of the boss, as 
jshown in the end elevations, the area of the blade will be of the largest size ; but if the 
radial lines, B E, were curved inwards, or towards the centre line, the area would be pro- 
portionately reduced. 

Having settled the form of the blade according to the proportions agreed on, we must 
next learn the actual surface or area of the blade from geometrical soiurces. 

Now, if we look at any point of the blade of a screw-propeller at right angles to 
that portion of the helix, we shall have a full view of it ; but we have shown by Figs. 8, 9, 
10, and 11, that the helices are proportionate to the respective diameters and pitch, or that 
each minute portion of the blade is of a curve imequal to those above or below it. To 
further exemplify this matter, let us presume the observer's eye, No. 1, to be at right 
augles with B W, in Fig. 8. He can see that, lineal width actually, but no more than that 
below the level of the line of vision, because the blade below that point alters in form and 
width ; therefore the eye must shift accordingly. The observer, knowing this, he shifts 
his position to No. 2, in Fig. 9 : here the lineal width, A W, is seen at a different angle to 
the former, or B W, and A W is less also. Next, then, as to the position No. 3, in 
Fig. 10 : here B W is less than AW, and the angle is also different ; proceeding next to 
No. 4, in Fig. 11, the angle and width, W, are still more at variance with those pre- 
ceding ; and, lastly. No. 5 is the least or boss width, T W, of the blade, this position 
being at right angles to T, the connexion of the blade with the boss. This, then, is 
the method of viewing the actual lineal widths of the blade ; if, however, the observer's 
eye is fixed, obviously the blade must shift accordingly and the line of vision is either 
lowered or raised, to correspond. 

To return to the geometrical question, or the delineation of the actual area of the 
blade, and as an illustration Fig. 12 is introduced. Here the twist of the blade, or helical 
form, is not altered, but the lineal widths are set out on the various points from which they 
are taken. First is projected the lineal width, E W, from Fig. 8, and the true form of 
the edge of the blade when looking at it from the angle No. 1 : the top curve here is 
a portion of an ellipse, or not an arc of a circle, as in Fig. 8, in the end elevation. It must 
also be noticed that the vertical heights, A, B, and 0, of the sectional Knes in the side eleva- 
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tion in Fig. 8 are indicated by the same letters in Fig. 12 : from these positions are demon- 
strated the several widths from the respective plans : for example, B W, in Fig. 8, is the 
same as in Fig. 12 : similarly AW, in Fig. 9, is the same as in Fig. 12 : corresponding 
also are B W, C W, and T, in Figs. 10, 11, and 12. Observe, next, that by drawing the 
sides of the blade through each point of intersection, on the section lines A, B, and C, in 
Fig. 12, the lineal area of the blade is correctly depicted as it is viewed by the observer 
from the several positions alluded to. 

Now, it is evident that the way we have demonstrated this fact must be correct as far 
as the lineal length or width of the helical portion of the blade is affected. Another matter, 
however, is certain, viz., that the blade of the propeller presents a curved surface, and not a 
plane, to the water; obviously, therefore, the curved or helical surface must be more than 
the lineal angular surface. It must also be remembered that the actual STu*face is here 
to be obtained geometrically from lines and curves, and not essentially from the actual blade 
after construction. The points of vision, Nos. 1, 2, 3, and 4, in Figs. 8, 9, 10, and 11, are 
opposite the aft side of the blade, or the trailing siurface which is raised, while the leading 
surface is uniform with the helix, as shown in the several plans. But this fact does not alter 
the optical demonstration, for the eye only perceives the outline, while the raised surface 
is unappreciated ; consequently, the area of the outline remains the same ; or, ftirther, any 
surface projecting from the plane of vision, and not protruding beyond the limit of the 
plane's outline, will not affect the area measiured by the eye's view of the superficial 
contents. 

Next, then, comes the question of the real helical area of the blade, and the correct 
mode of obtaining an answer ; geometrically, this is given by Fig. 13 : an enlarged section 
of one portion of the blade is only shown ; the helical, or forward surface, and that behind 
it are divided into equi-distant parts, the total sum of each being represented respectively 
by the straight lines. The result is therefore conclusive that, by similar processes at the 
various sections of the blade, the actual helical area becomes a matter of the simplest cal- 
culation, because the actual lengths of the curved lines are thus readily known. The 
helix is thus spread out, or, in plainer terms, the curve is lengthened into a straight line, 
and the area of the blade becomes ^Jlat surface of easy measurement. 

In order to be certain that we have not overlooked any of the true principles of the 
subject we have been considering, it will be as well to recapitulate the facts that we have 
already demonstrated before going any further. In page 28, the description of Plate 1 is 
given, and in allusion to Fig. 3, the length of the hypothenuse is said to be the spiral or 
heHcal line \mwound, while the base of the triangle is the circumference and the height the 
pitch of the screw. These facts being unalterable, it is obvious that they mv^t bear a 
relation to the total area of the spiral, or agree relatively to any portion of it that may be 
retained, as in the case of that portion forming the blade of the propeller. Notice also in 
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Fig. 3, that the length of the helix is an angle dependent on the pitch of the screw or 
height of the triangle, that the circumference is the base line, and of course bears a relation 
to the complete diameter. Looking next at the screw. Fig. 8, in Plate 2, two blades are 
shown, and the tvidth of each is determined by the length on the line of keel. Now, if 
the diagram. Fig. 3, in Plate 1, is accurate in principle, it must be also in practice, and 
will apply, therefore, in relation to the mode of producing the acttud area of the blade, the 
truth of which must next be proved by another means subject to the same law that governs 
the formation of Fig. 3. 

The Plate 3 is introduced for this purpose, the diagram being double the scale of that 
in Plate 2. In the present instance only one blade is represented, and that is presumed to 
be flattened to measure its area readily. Having, then, a given length of blade to deal 
with, a known pitch and diameter for the screw, the process of constructing the diagram 
in question is as follows : Draw a Une equal to the length of the semi-circumference of the 
screw's diameter ; from either extremity raise half the pitch vertically, connect these two 
lines by the hypothenuse ; divide the base line into any number of equal parts ; from 
the intersections raise perpendiculars; from h set down the length of the blade on 
the line of keel which is A, g ; draw the horizontal line from g to a, which defines the 
length from a to A, on the helical line. Here, then, is this principle demonstrated ; that if 
the base of the right angled triangle is half the circumference, the height half the pitch, and 
the helical line half the length of the spiral forming the edge of the blade, any smaller 
right angle triangle produced from the same sources as the larger figure must bear pro- 
portionately the same relation. Now, then, for the comparison : K the full diameter and 
pitch of the screw were represented by the main right angle triangle the dimensions would 
be doubled, but as one blade only is being dealt with, and its limits are within the half of 
the circle, half therefore, of the pitch circumference, and helical line is only required 
to demonstrate the area in question. Obviously, also, the height, g A, must relatively 
produce the means of knowing the area of the blade in connexion. Now we must remember, 
again, that the helical line is virtually the top of the blade, or spiral spread out lineally, 
not curved in its natural state ; therefore, if the helical line, h o, is the semi-spiral length 
in proportion to 16 A, then will a, A, be likewise the spiral or helical length \mwoimd of the 
portion of the blade, whose length on the Une of keel, is from ^ to A, or equal to L. 

There may, perhaps, stiU seem to be a mystery about this ; but if it is borne in mind 
that the height^ L, of the smaller right angled triangle, a. A, ^, is the length of the portion 
of the blade in action, and that the height is in a line with the pitch, or parallel with it, 
then the fact that the actiuxl area of the blade is thus obtained will be readily understood. 
— If a, A is the length of the helix of the edge of the blade at its extremity, then the 
divisions at 6, c, cf, e, and / must bear similar relation to sections taken at those points. 
From A produce a line equal to the diameter of the screw, which bisect, and from A to the 
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it. Let us assume the block, A, to he fixed, and the bolt turned by the head, S, until it has 
reached A, the position of the bolt would be as in Fig. 5. Referring next to Fig. 6, we 
find that the bolt is hung in bearings, F F, at each end and the block is hose. So that by 
allowing the block to slide on the screw when the bolt is turned, it A, reaches to F. 

We have thus far described and illustrated the principle of the conunon screw, and 
we next proceed with its application for propulsion. The ordinary propeller is therefore 
simply a portion of one, two, or more spirals or threads wound round the boss or barrel, 
and the length of the screw defines the area of each blade to a great extent. 

The Geoioktby op the Common Scbew-Pbopellee. — ^When the diameter, pitch, and length 
on the line of keel of a propeller are known, the mode of forming the ciu^e of the edge of 
the blade is as shown by Fig. 7. Divide the semi-circumference. of the circle F, which is 
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length of the pitch, 

A E, into the same 
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Fig. 7. 



vide the pitch into four 
equal main divisions at 
the three points, C, B, 
and D. Through the 
intersections of the 
vertical and horizon- 
tal lines draw curves 
in opposite directions, 
cutting each other at 
the centres over C and 



D. These will define what is generally termed " the angle of the blade," or, more cor- 
rectly, the " helices.'* It will be noticed that the plan and elevations of the propeller are 
also shown in their respective positions, the definition of which will be more readily 
understood from Plate 2. Fig. 8 is the plan, side elevation, and end elevation of the screw, 
resulting from the intersections of the vertical and horizontal lines of construction. The 
mode of producing the dimensions of the propeller is simply as follows : Having^settled the 
diameter, D, describe the radius ; next draw the helices in the manner before explarned ; 
then determine the length, L, of the blade on the line of keel, which gives the angular or 
extreme width, E W, and the lines, F F, will determine the horizontal width, H W, in the 
end elevation. Should the leading and trailing corners of the blade be exuded, E W and 
H W will be reduced proportionately, as indicated by the full lines in the plan and end 
elevation. Next, as to the side elevation ; which is formed by the length, L, the diameter, 
D, and a portion of the helices of the top and bottom blades. The vertical section of the 
top bladQ is also shown, to which reference will be made ; but first we must consider how 
to determine the form of the blade below the top edge, as shown in the plans. Com- 
mencing with a sectional plan, taken at A, in the side elevation ; Fig. 9 is produced, the 
length on the line of keel being the same as in Fig. 8 ; next Fig. 10 is drawn, being a 
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section through B in the side elevation ; and, thirdly, Pig. 11, being the section through C, 
In passing, it may be added that the length, L, is the same in all cases. Now, then, for 
the actiial thickness in each case ; this is produced from the position of the sectional 
lines. A, B, and 0, in the side elevation, and transmitted to the corresponding sectional 
plans. The fact is apparent also, that, although the pitch of the blade is the same 
throughout its depth or distance from the boss to the extremity, the angles of the sections 
are aU different — ^the shape of the blade starting at an acute angle with the boss, and 
gradually approaching the obtuse angle of the extremity or outer edge. It is equally cer- 
tain, that if the side edges, E E, of the blade are radial lines from the centre of the boss, as 
^hown in the end elevations, the area of the blade will be of the largest size ; but if the 
radial lines, E B, were curved inwards, or towards the centre line, the area would be pro- 
portionately reduced. 

Having settled the form of the blade according to the proportions agreed on, we must 
next learn the actual surface or area of the blade from geometrical sources. 

Now, if we look at any point of the blade of a screw-propeller at right angles to 
that portion of the helix, we shall have a full view of it j but we have shown by Pigs. 8, 9, 
10, and 11, that the helices are proportionate to the respective diameters and pitch, or that 
each minute portion of the blade is of a curve unequal to those above or below it. To 
further exemplify this matter, let us presume the observer's eye. No. 1, to be at right 
angles with E W, in Pig. 8. He can see that, lineal width actually, but no more than that 
below the level of the line of vision, because the blade below that point alters in form and 
width ; therefore the eye must shift accordingly. The observer, knowing this, he shifts 
his position to No. 2, in Pig. 9 : here the lineal width, A W, is seen at a different angle to 
the former, or E W, and A W is less also. Next, then, as to the position No. 3, in 
Pig. 10 : here B W is less than AW, and the angle is also different ; proceeding next to 
No. 4, in Pig. 11, the angle and width, C W, are still more at variance with those pre- 
ceding ; alid, lastly, No. 5 is the least or boss width, T W, of the blade, this position 
being at right angles to T, the connexion of the blade with the boss. This, then, is 
the method of viewing the actuaJ lineal widths of the blade ; if, however, the observer's 
eye is fixed, obviously the blade must shift accordingly and the line of vision is either 
lowered or raised, to correspond. 

To return to the geometrical question, or the delineation of the actual area of the 
blade, and as an illustration Pig. 12 is introduced. Here the twist of the blade, or helical 
form, is not altered, but the lineal widths are set out on the various points from which they 
are taken. Pirst is projected the lineal width, E W, from Pig. 8, and the true form of 
the edge of the blade when looking at it from the angle No. 1 : the top curve here is 
a portion of an ellipse, or not an arc of a circle, as in Pig. 8, in the end elevation. It must 
also be noticed that the vertical heights. A, B, and 0, of the sectional lines in the side eleva- 
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portion ; the process of doing this is the simplest possible ; it is merely to settle the length 
and draw the two vertical lines, F F, which cut off, as it were, the remainder of the screw, 
as shown. 

But we alluded to the position of the blades just now, as when viewed in the plan or side 
elevation, which we will now describe. The position at shows both the views, because, 
being a four-bladed screw, and each blade corresponding in position horizontally and 
vertically, the same outline presents itself, showing but three blades in each case ; but 
from the position at G four blades are seen ; or, at least, portions of each of them, which 
position, when geometrically considered, is, that the screw is either turned on its axis 
i of a turn, from C, or is viewed in a line with the arrow at C. We are aware there- 
fore from these conclusions, that the position of the blades of a screw in the end view 
determines the portion of the heUces of each blade to be seen in the plan and side elevation, 
so that the student should decide the former position to determine the two latter. 

Our next explanation is the geometry of the five-bladed screw. The mode of producing 
the helices are precisely as for the four-bladed example ; excepting that the divisions on 
the semicircle and half-pitch are ten in this case instead of eight, as in the former. 
Having, then, determined the pitch, K L, the other four helices, M N P, are produced, 
and, of course, continued as far as depicted. The boss-hehcal lines are next formed, which 
converts what is termed a five-pitch screw. The length of the screw-propeller is next 
settled, which involves the utility of the vertical lines, R R. The position at L shows the 
side view of the propeller as projected from the position of the blades in the end elevation, 
or as viewed in the direction of the corresponding arrow, L. We may here observe that the 
side elevation, L, shows three blades angularly, and only a portion of the fourth behind the 
top blade. The next side view is near N, which is projected at right angles to the horizontal 
line of the end view, or in a line with the arrow, N, corresponding. On comparing the two 
side elevations at L and N, we shall see that the former shows a fiill side view of the lower 
blade, while the latter has a direct view of the central blade, looking at its edge ; and that 
the top and bottom blades at N are not as fully seen as the bottom blade at L ; but the 
position at N has the advantage, however, in the number of the blades seen from the cor- 
responding point of view, as noted in the end elevation at N, which, in passing, it may be 
added is three blades within the plane of vision, and a portion of two beyond. 

Next we come to the explanation of the side elevation near 0, which is a view seen 
firom an opposite point to that of N in the end elevation. From this position no direct 
view of any blade can be seen, as the centre line of vision is between the two blades which 
are at an angle towards the eye, and the remaining two seen are receding at a different 
angle, so that although four blades are viewed, two are situated angularly towards the eye, 
and two angularly from it, the fifth blade being behind the boss, corresponding in position 
with that in front in the side elevation at N. 

F 2 
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Fig. 3, that the length of the helix is an angle dependent on the pitch of the screw or 
height of the triangle, that the circumference is the base line, and of course be€urs a relation 
to the complete diameter. Looking next at the screw. Pig. 8, in Plate 2, two blades are 
shown, and the width of each is determined by the length on the line of keel. Now, if 
the diagram. Pig. 3, in Plate 1, is accurate in principle, it must be also in practice, and 
will apply, therefore, in relation to the mode of producing the acttud area of the blade, the 
truth of which must next be proved by another means subject to the same law that governs 
the formation of Pig, 3. 

The Plate 3 is introduced for this purpose, the diagram being double the scale of that 
in Plate 2. In the present instance only one blade is represented, and that is presumed to 
be flattened to measure its area readily. Having, then, a given length of blade to deal 
with, a known pitch and diameter for the screw, the process of constructing the diagram 
in question is as follows : Draw a line equal to the length of the semi-circumference of the 
screw's diameter ; from either extremity raise half the pitch vertically, connect these two 
lines by the hypothenuse ; divide the base line into any number of equal parts ; from 
the intersections raise perpendiculars; from h set down the length of the blade on 
the line of keel which is A, g ; draw the horizontal line from ^ to a, which defines the 
length from a to A, on the helical line. Here, then, is this principle demonstrated ; that if 
the base of the right angled triangle is half the circumference, the height half the pitch, and 
the helical line half the length of the spiral forming the edge of the blade, any smaller 
right angle triangle produced from the same sources as the larger figure must bear pro- 
portionately the same relation. Now, then, for the comparison : K the fuU diameter and 
pitch of the screw were represented by the main right angle triangle the dimensions would 
be doubled, but as one blade only is being dealt with, and its limits are within the half of 
the circle, half therefore, of the pitch circumference, and helical line is only required 
to demonstrate the area in question. Obviously, also, the height, g A, must relatively 
produce the means of knowing the area of the blade in connexion. Now we must remember, 
again, that the heUcal line is virtually the top of the blade, or spiral spread out lineally, 
not curved in its natural state ; therefore, if the helical line, A o, is the semi-spiral length 
in proportion to 16 A, then will a, A, be likewise the spiral or helical length \mwoimd of the 
portion of the blade, whose length on the line of keel, is from ^ to A, or equal to L. 

There may, perhaps, still seem to be a mystery about this ; but if it is borne in mind 
that the height^ L, of the smaller right angled triangle, a. A, g^ is the length of the portion 
of the blade in action, and that the height is in a line with the jpfteA, or parallel with it, 
then the fact that the actual area of the blade is thus obtained will be readily understood. 
— If a, A is the length of the helix of the edge of the blade at its extremity, then the 
divisions at 6, c, cf, e, and / must bear similar relation to sections taken at those points. 
Prom A produce a line eqiial to the diameter of the screw, which bisect, and from A to the 
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faiseotion, divide that portion into the same number of parts as in the line ato g; raise 
Tertical lines from the divisional points ; then with a to A, as a length, produce A to A 
▼ertically, and from b A also produce 6 to A vertically : proceeding, then, in the same 
manner to produce the remaining vertical lengths equal to the distances, c A — dh — e h^-f A 
and^ A; through the intersections last produced, describe a line which will be the side 
edge of the blade ; then the outline connected by T will be the area of that blade. It is 
almost needless to add that the sum of the area is known by dividing the total length of the 
ordinates by their nimiber of positions, and multiplying the product by the horizontal 
length of the surface within T. 

It will be obvious that to produce the position and form of the blade, as shown, the 
horizontal line must appear longer than the angular limit ; also that the curved extremity 
must be a portion of a heUx; and to determine these matters, the principle already 
demonstrated must be again brought into action. To form the " helical line," represented 
as curved, draw a half circle whose radius is that for the diameter of the screw ; divide this 
dotted semicircle into the same nimiber of parts as the base of the larger triangle, or the 
semi-circumference ; from the points of intersection produce the vertical lines as numbered 
to 16. Describe next the lesser semicircle from the centre of the larger, the radius of 
the smaller berag half of that of the greater. From the points of intersection on the main 
semicircle produce radial lines, cutting the inner semicircle ; then from the latter points of 
intersection draw horizontal lines, cutting the vertical lines previously projected; and 
through these last points of intersection produce the ellipse, as shown : then with the 
lengths of the vertical lines, which have been already drawn from the base of the larger 
ri^t angle triangle or the semi-circumference, as radii, and the intersections on the ellipse 
as centres, which are all respectively numbered, describe arcs, cutting the dotted vertical 
lines, and through those intersections produce the helical line, as represented ; and the 
lineal length or width of the edge of the blade, as shown, will be as the line a A, or A A. 

The means of obtaining the area of the blade being thus fiilly explained, we must 
next direct attention to the geometrical method of showing the position of any number of 
blades. It will be remembered as an example to commence with, that in Fig. 8, Plate 2, 
the plan and side elevations of hoc blades are shown, but the end elevation of one only, 
the latter view berag sufficient, simply because each blade berag a dupKcate, the repetition 
was not requisite for demonstration, therefore we next allude to — 

Thb Gbombtey op the Thbee-bladed Scbbw. — The illustrations in Plate 4 are the 
geometrical delineations of a three-bladed screw, showing the positions of each blade in plan 
and elevations, the mode of setting out the several positions in the respective views being 
as follows : Describe first the circle equal to the screw's diameter ; divide half the circum- 
ference into any nimiber of equal parts. Set out the pitch on tangents parallel with the 
centre line, divide half the pitch into the same nimiber of parts as the semi-circumference, 
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and repeat the division to the opposite extremity of the pitch, if desirable. Produce 
next the horizontal and vertical lines from the respective intersections, and draw the 
helical lines, as shown. Having defined the length of the screw on the line of keel, 
and the amount of comer to be cut off at the leading and trailing points, L and T, 
draw the end elevations of each blade, as shown ; then the elevation on the left will pro- 
duce the side elevation, and that on the right the plan. To render this matter to be 
fully imderstood, each blade in each view is similarly lettered A, B, and C, so that the 
several positions of the blades correspond with each other accurately, thus not requiring 
further e^lanation. 

The Geometry of the Foub and Fivb-bladed Screws. — The geometry of the examples 
of screws now under notice, is, of course, the same in principle as that preceding ; but as it 
often occurs that when a student has to draw a propeller with more than two or three blades, 
he is puzzled for a time, although he may remember the fact that the delineations of all the 
blades are alike. The point that is the most mysterious to him is, how to obtain the position 
of each blade in the plan and side elevation corresponding with the end view. To render this 
question of easy understanding, the illustrations in Plate 5 are introduced. The four-bladed 
screw-propeller is merely a short length, or portion of a long screw of a four-thread pitch, 
it will be seen ; but for the purpose of making all clear in this matter, we will explain how 
the particular positions of the blades are produced. The circle, whose diameter corresponds 
with that of the screw, is first drawn, next horizontal and vertical centre lines ; half the 
circumference is then divided into eight divisions equidistant ; the pitch of the screw is 
next set off on the two parallel tangents projected from the circle ; this length is bisected, 
which produces the two half-pitches, each of which is also divided into eight equal parts ; 
horizontal and vertical lines are then drawn from the divisional points on the circle and 
tangents. The helical line, A B, is then drawn through the intersections, which lineal 
length, A B, is the pitch of one thread. Now, as there are four blades there must be four 
threads, three of them, ODE, being within the pitch, A B, but all of equal pitch and form. 
The process of producing the three helices is merely a repetition of that for the first helix, 
excepting the lines of construction, which are available without alteration or addition. 
Continuing the heUces to the extremity of the screw, the four pitches are extended, and as 
these constitute the edges of the threads only; next the boss connexions must be shown. 
Starting again at the circle, radial lines are drawn from the divisional points which 
divide the half circumference of the boss circle into the same number of parts as the outer 
circle. Two parallel tangents are then projected from the boss circle which form the boss 
longitudinally throughout the length of the screw ; lines of construction are then drawn 
which intersect with the vertical lines already alluded to. The boss helices are then 
formed exactly in principle as those preceding. 

So much for the screw of a length exceeding the pitch ; but we require only a very 
slight portion of this length for propulsion, and our main purpose is to delineate that 
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portion ; the process of doing this is the simplest possible ; it is merely to settle the length 
and draw the two vertical lines, F F, which cut off, as it were, the remainder of the screw, 
as shown. 

But we alluded to the position of the blades just now, as when viewed in the plan or side 
elevation, which we will now describe. The position at C shows both the views, because, 
being a four-bladed screw, and each blade corresponding in position horizontally and 
vertically, the same outline presents itself, showing but three blades in each case ; but 
from the position at G four blades are seen ; or, at least, portions of each of them, which 
position, when geometrically considered, is, that the screw is either turned on its axis 
i of a turn, from C, or is viewed in a line with the arrow at C. We are aware there- 
fore from these conclusions, that the position of the blades of a screw in the end view 
determines the portion of the heUces of each blade to be seen in the plan and side elevation, 
so that the student should decide the former position to determine the two latter. 

Our next explanation is the geometry of the five-bladed screw. The mode of producing 
the helices are precisely as for the four-bladed example ; excepting that the divisions on 
the semicircle and half-pitch are ten in this case instead of eight, as in the former. 
Having, then, determined the pitch, K L, the other fowr helices, M N P, are produced, 
and, of course, continued as far as depicted. The boss-helical lines are next formed, which 
converts what is termed a five-pitch screw. The length of the screw-propeller is next 
settled, which involves the utility of the vertical lines, R R. The position at L shows the 
side view of the propeller as projected from the position of the blades in the end elevation, 
or as viewed in the direction of the corresponding arrow, L. We may here observe that the 
side elevation, L, shows three blades angularly, and only a portion of the fourth behind the 
top blade. The next side view is near N, which is projected at right angles to the horizontal 
line of the end view, or in a line with the arrow, N, corresponding. On comparing the two 
side elevations at L and N, we shall see that the former shows a fiill side view of the lower 
blade, while the latter has a direct view of the central blade, looking at its edge ; and that 
the top and bottom blades at N are not as fully seen as the bottom blade at L ; but the 
position at N has the advantage, however, in the number of the blades seen from the cor- 
responding point of view, as noted in the end elevation at N, which, in passing, it may be 
added is three blades within the plane of vision, and a portion of two beyond. 

Next we come to the explanation of the side elevation near 0, which is a view seen 
from an opposite point to that of N in the end elevation. From this position no direct 
view of any blade can be seen, as the centre line of vision is between the two blades which 
are at an angle towards the eye, and the remaining two seen are receding at a different 
angle, so that although four blades are viewed, two are situated angularly towards the eye, 
and two angularly from it, the fifth blade being behind the boss, corresponding in position 
with that in front in the side elevation at N. 
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The student can now, from the preceding remarks, arrive at a definite conclusion as to 
the geometry of the screw-propeller, which, as we said before, is merely a matter of the 
simplest order — first starting properly, and the remainder is almost a mechanical operation 
as far as thought is affected. We have plainly shown in Plates 2 and 4 what the ordinary 
method is for drawing screws of that class for actual construction, and the present illus- 
trations in Plate 5, are founded on the same principles as before alluded to ; but our pre- 
sent aim is again to render the entire matter more clearly, if possible, than before, to the 
student, who may require that additional instruction. As a conclusion, therefore, if it is 
borne in the mind of the student that each blade of a propeller is merely a portion of the 
thread of a screw, and that any number of blades introduced are merely a corresponding 
number of threads from pitch to pitch inclusive, he will understand the entire subject 
concisely. He will appreciate also the fact that six, eight, or any number of blades of a 
screw-propeUer can be as correctly and as easily drawn as two or three blades ; for, once 
settling the proportions and positions, the rest is, metaphorically, a matter of plain 
sailing with a fair wind. 

The Geometry of the Blade op an uneven Pitch. — This branch of the present 
subject partakes of the " principles" acknowledged by the inventor, whose screw-propeller 
bears his name, the " Mangin" screw. It is not now the purpose to treat of the cause 
and effect of this principle, but rather to give the practical geometry as illustrated 
by Plate 6. Although the " principles" of the blade's action in the water are now 
ignored, the geometrical " principles" necessary to produce the form of the blade must be 
considered. It must next be remembered that the mode of producing the helical line is by 
the division of the pitch and the circumference of the screw into an equal niunber of parts, 
aU the divisions having a strict relation to each other. Now, if this rule is absolute, and 
in no form can be altered, certainly if half of the pitch only is required, half of the 
circumference will be sufficient to correspond geometrically. Again, then, if half the 
pitch and circumference will produce the half of the helix of the blade, or its complete 
angle — ^which it does, as already demonstrated — and if only one-fourth of each helix is 
required in this case for the half portion of the blade, then one-fourth only of each pitch and 
circumference is sufficient also for the geometrical demonstration. We again learn from 
these facts that the complete heHx bears a relation to the complete pitch, and likewise to the 
complete circumference, which is the geometrical principle now under notice. Referring 
again to Plate 6, the two helices are thus produced : Divide one-fourth of the circumference 
into any number of parts, and one-fourth of the pitch into the same number to correspond, 
project the horizontal and vertical lines as before explained, and the helical line can be 
readily drawn as illustrated. Set off D B and D F equally, if so decided on, which will 
produce G and H unequal ; but if G and H must be equal, then D B and D F will be 
unequal. These reversible distances or proportions are the result of the corresponding 
positions of the points of contact of the helices of the unequal pitches ; for example, if the 
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faiseotion, diyide that portion into the same number of parts as in the line a tog; raise 
Tertical lines from the divisional points ; then with a to A, as a length, produce A to A 
▼erticaUy, and from h A also produce 6 to A vertically : proceeding, then, in the same 
manner to produce the remaining vertical lengths equal to the distances, c A — dh — e h—f A 
and^ A; through the intersections last produced, describe a line which will be the side 
edge of the blade ; then the outline connected by T will be the area of that blade. It is 
almost needless to add that the sum of the area is known by dividing the total length of the 
ordinates by their nimiber of positions, and multiplying the product by the horizontal 
length of the surface within T. 

It will be obvious that to produce the position and form of the blade, as shown, the 
horizontal line must appear longer than the angular limit ; also that the curved extremity 
must be a portion of a heHx; and to determine these matters, the principle already 
demonstrated must be again brought into action. To form the " helical line," represented 
as curved, draw a half circle whose radius is that for the diameter of the screw ; divide this 
dotted semicircle into the same number of parts as the base of the larger triangle, or the 
semi-circumference ; from the points of intersection produce the vertical lines as numbered 
to 16. Describe next the lesser semicircle from the centre of the larger, the radius of 
Uie smaller being half of that of the greater. From the points of intersection on the main 
semicircle produce radial lines, cutting the inner semicircle ; then from the latter points of 
intersection draw horizontal lines, cutting the vertical lines previously projected; and 
through these last points of intersection produce the ellipse, as shown : then with the 
lengths of the vertical lines, which have been already drawn from the base of the larger 
ri^t angle triangle or the semi-circumference, as radii, and the intersections on the ellipse 
as centres, which are all respectively numbered, describe arcs, cutting the dotted vertical 
lines, and through those intersections produce the helical line, as represented; and the 
lineal length or width of the edge of the blade, as shown, will be as the line a A, or A A. 

The means of obtaining the area of the blade being thus fiilly explained, we must 
next direct attention to the geometrical method of showing the position of any nimiber of 
blades. It will be remembered as an example to commence with, that in Fig. 8, Plate 2, 
the plan and side elevations of two blades are shown, but the end elevation of one only, 
the latter view being sufficient, simply because each blade being a duphcate, the repetition 
was not requisite for demonstration, therefore we next allude to — 

The Gbombtey op the Theee-bladbd Screw. — The illustrations in Plate 4 are the 
geometrical delineations of a three-bladed screw, showing the positions of each blade in plan 
and elevations, the mode of setting out the several positions in the respective views being 
as follows : Describe first the circle equal to the screw's diameter; divide hcdfihQ circum- 
ference into any nimiber of equal parts. Set out the pitch on tangents parallel with the 
centre line, divide half the pitch into the same number of parts as the semi-circumference, 
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and repeat the division to the opposite extremity of the pitch, if desirable. Produce 
next the horizontal and vertical lines from the respective intersections, and draw the 
heUcal lines, as shown. Having defined the length of the screw on the line of keel, 
and the amount of comer to be cut off at the leading and trailing points, L and T, 
draw the end elevations of each blade, as shown ; then the elevation on the left will pro- 
duce the side elevation, and that on the right the plan. To render this matter to be 
fiilly understood, each blade in each view is similarly lettered A, B, and C, so that the 
several positions of the blades correspond with each other accurately, thus not requiring 
further e^lanation. 

The Geometry of the Foub and Pive-bladbd Screws. — The geometry of the examples 
of screws now under notice, is, of course, the same in principle as that preceding ; but as it 
often occurs that when a student has to draw a propeller with more than two or three blades, 
he is puzzled for a time, although he may remember the fact that the delineations of all the 
blades are alike. The point that is the most mysterious to him is, how to obtain the position 
of each blade in the plan and side elevation corresponding with the end view. To render this 
question of easy understanding, the illustrations in Plate 5 are introduced. The four-bladed 
screw-propeller is merely a short length, or portion of a long screw of a four-thread pitch, 
it will be seen ; but for the purpose of making all clear in this matter, we will explain how 
the particular positions of the blades are produced. The circle, whose diameter corresponds 
with that of the screw, is first drawn, next horizontal and vertical centre lines ; half the 
circumference is then divided into eight divisions equidistant ; the pitch of the screw is 
next set off on the two parallel tangents projected from the circle ; this length is bisected, 
which produces the two half-pitches, each of which is also divided into eight equal parts ; 
horizontal and vertical lines are then drawn from the divisional points on the circle and 
tangents. The hehcal line, A B, is then drawn through the intersections, which lineal 
length, A B, is the pitch of one thread. Now, as there are four blades there must be four 
threads, three of them, ODE, being within the pitch, A B, but all of equal pitch and form. 
The process of producing the three helices is merely a repetition of that for the first helix, 
excepting the lines of construction, which are available without alteration or addition. 
Continuing the hehces to the extremity of the screw, the four pitches are extended, and as 
these constitute the edges of the threads only ; next the boss connexions must be shown. 
Starting again at the circle, radial lines are drawn from the divisional points which 
divide the half circumference of the boss circle into the same number of parts as the outer 
circle. Two parallel tangents are then projected from the boss circle which form the boss 
longitudinally throughout the length of the screw ; lines of construction are then drawn 
which intersect with the vertical lines alreculy alluded to. The boss helices are then 
formed exactly in principle as those preceding. 

So much for the screw of a length exceeding the pitch ; but we require only a very 
slight portion of this length for propulsion, and our main purpose is to delineate that 
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portion ; tlie process of doing this is the simplest possible ; it is merely to settle the length 
and draw the two vertical lines, F F, which cut off, as it were, the remainder of the screw, 
as shown. 

But we alluded to the position of the blades just now, as when viewed in the plan or side 
elevation, which we will now describe. The position at C shows both the views, because, 
being a four-bladed screw, and each blade corresponding in position horizontally and 
verticaDy, the same outline presents itself, showing but three blades in each case ; but 
from the position at G four blades are seen ; or, at least, portions of each of them, which 
position, when geometrically considered, is, that the screw is either turned on its axis 
i of a turn, from C, or is viewed in a line with the arrow at C. We are aware there- 
fore from these conclusions, that the position of the blades of a screw in the end view 
determines the portion of the helices of each blade to be seen in the plan and side elevation, 
so that the student should decide the former position to determine the two latter. 

Our next explanation is the geometry of the five-bladed screw. The mode of producing 
the helices are precisely as for the four-bladed example ; excepting that the divisions on 
the semicircle and half-pitch are ten in this case instead of eight, as in the former. 
Having, then, determined the pitch, K L, the other four helices, M N P, are produced, 
and, of course, continued as far as depicted. The boss-heUcal lines are next formed, which 
converts what is termed a five-pitch screw. The length of the screw-propeller is next 
settled, which involves the utility of the vertical lines, R R. The position at L shows the 
side view of the propeller as projected from the position of the blades in the end elevation, 
or as viewed in the direction of the corresponding arrow, L. We may here observe that the 
side elevation, L, shows three blades angularly, and only a portion of the fourth behind the 
top blade. The next side view is near N, which is projected at right angles to the horizontal 
Kne of the end view, or in a line with the arrow, N, corresponding. On comparing the two 
side elevations at L and N, we shall see that the former shows a fiill side view of the lower 
blade, while the latter has a direct view of the central blade, looking at its edge ; and that 
the top and bottom blades at N are not as fully seen as the bottom blade at L ; but the 
position at N has the advantage, however, in the number of the blades seen from the cor- 
responding point of view, as noted in the end elevation at N, which, in passing, it may be 
added is three blades within the plane of vision, and a portion of two beyond. 

Next we come to the explanation of the side elevation near 0, which is a view seen 
from an opposite point to that of N in the end elevation. From this position no direct 
view of any blade can be seen, as the centre line of vision is between the two blades which 
are at an angle towards the eye, and the remaining two seen are receding at a different 
angle, so that although four blades are viewed, two are situated angularly towards the eye, 
and two angularly from it, the fifth blade being behind the boss, corresponding in position 
with that in front in the side elevation at N. 
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The student can now, from the preceding remarks, arrive at a definite conclusion as to 
the geometry of the screw-propeller, which, as we said before, is merely a matter of the 
simplest order — first starting properly, and the remainder is ahnost a mechanical operation 
as far as thought is affected. We have plainly shown in Plates 2 and 4 what the ordinary 
method is for drawing screws of that class for actual construction, and the present illus- 
trations in Plate 6, are founded on the same principles as before alluded to ; but our pre- 
sent aim is again to render the entire matter more clearly, if possible, than before, to the 
student, who may require that additional instruction. As a conclusion, therefore, if it is 
borne in the mind of the student that each blade of a propeller is merely a portion of the 
thread of a screw, and that any number of blades introduced are merely a corresponding 
number of threads from pitch to pitch inclusive, he will imderstand the entire subject 
concisely. He will appreciate also the fact that six, eight, or any number of blades of a 
screw-propeller can be as correctly and as easily drawn as two or three blades ; for, once 
settling the proportions and positions, the rest is, metaphorically, a matter of plain 
sailing with a fair wind. 

The Geometry op the Blade op an uneven Pitoh. — This branch of the present 
subject partakes of the " principles" acknowledged by the inventor, whose screw-propeller 
bears his name, the " Mangin" screw. It is not now the purpose to treat of the cause 
and effect of this principle, but rather to give the practical geometry as illustrated 
by Plate 6. Although the " principles" of the blade's action in the water are now 
ignored, the geometrical " principles" necessary to produce the form of the blade must be 
considered. It must next be remembered that the mode of producing the helical line is by 
the division of the pitch and the circimiference of the screw into an equal number of parts, 
all the divisions having a strict relation to each other. Now, if this rule is absolute, and 
in no form can be altered, certainly if half of the pitch only is required, half of the 
circumference will be sufficient to correspond geometrically. Again, then, if half the 
pitch and circumference will produce the half of the helix of the blade, or its complete 
angle — ^which it does, as already demonstrated — and if only one-fourth of each helix is 
required in this case for the half portion of the blade, then one-fmrth only of each pitch and 
circumference is sufficient also for the geometrical demonstration. We again learn from 
these facts that the complete helix bears a relation to the complete pitch, and likewise to the 
complete circimiference, which is the geometrical principle now under notice. Referring 
again to Plate 6, the two heUces are thus produced : Divide one-fourth of the circumference 
into any number of parts, and one-fourth of the pitch into the same number to correspond, 
project the horizontal and vertical lines as before explained, and the helical line can be 
readily drawn as illustrated. Set off D B and D F equally, if so decided on, which will 
produce G and H unequal ; but if G and H must be equal, then D E and D F will be 
imequal. These reversible distances or proportions are the result of the corresponding 
positions of the points of contact of the heUces of the unequal pitches ; for example, if the 
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connexion of the helical lines is at the centre of the length of the blade on the line of keel, 
then will G and H be equidistant from the centre of the connexion. But if the centre of 
connexion is on the angular length or width of the blade, then will D E and D F be equal, 
and G and H proportioned as before explained. The end elevation will depend on the 
plan in this case as in others, and is, therefore, produced similarly as shown. 

The Gbombtbt o* a vabyinq Pitch. — The first matter here to be noticed is the amoimt 
of pitch required to produce the construction of the central helical line, and from that the 
constructing angle of the blade. Now, in the Illustration Plate 6, there are two helical lines 
of 16 and 20 ft. pitch respectively, the mean of which is 18 ft., which is the constructing 
pitch of the blade. It will be seen that the blade in this case is secured by a flange to 
the boss ; while the requisite amount of oval in each of the bolt-holes in the flange is 
entirely due to the variation in the extreme pitches. 

The blade is first set out from the 18 ft. pitch in the usual manner already explained 
and illustrated, and from the two extreme pitches next is produced the relative helical lines 
as shown, and the points where these heUces intersect with the flange circle, will be the 
marking points to indicate the relative angles of the blade, also the length of the oval of each 
bolt hole. 

The geometrical diagram under notice refers to one blade, but it will be well again 
to mention that the principle is equally appUcable, whether two, three, four, or any number 
of blades are required ; therefore the mode of producing the several positions for each will 
be alike. K the drawing is required for three blades, refer to Plate 4 ; if for two, refer 
to Fig. 8, in Plate 2 ; and if for four, refer to Plate 6, and also to Fig. 14, which is a 
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propeller with four blades, each being at an angle of 45° in the end elevation. The plan on 
the right hand is presumed to be the direct view of three blades, the fourth being below 
the boss. The extremities of the blades in plan beyond the boss are broken off to 
economise space, but their final outline will be readily imderstood from the side elevation in 
Fig. 8, Plate 2. This will be more fiiUy appreciated, doubtless, if the plan in Fig. 8 were 
supposed to be laid on the side elevation, which conjunction would be the tomplete plan' 
combined with a side elevation of a /owr-bladed screw. Or if ftirther requisite, as an 
explanation, it may be again stated, that direct views of a four-bladed screw in plan and 
side elevation, are always aUke respectively. 

The sections shown in the illustration, Fig. 14, also refer to the mechanical question of 
shifting the angle of the blade and the mode of securing it, to which attention will be duly 
given, together with a repetition of the illustration. 
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CHAPTER IV. 

THE HISTOEY OP THE GEIPPITH8* SCEBW-PEOPBLLBB, BY THE INVENTOR, 
BOBBET GeIPFITHS, EsQ. 

IN accordance with what Mr. Burgh states on the first page of this work to be his 
object, I have purposely written a few observations which I have noted during the 
several years of my practical application to the development of screw-propulsion. 

My first lesson in this matter was when witnessing some experiments made by 
Captain Erricson on the Regent*s Canal about thirty years ago, and firom what then 
occurred, it seemed to me certain that the subject of screw-propulsion was not understood. 
About ten years afterwards, having some spare time, I occupied it in making experiments 
with a small model screw-boat, the propelling power being a strong spring, and the small 
screws used being made of sheet zinc. My first idea was to ascertain what portion of 
the screw's disc was most effective in propelling, or, still better, what was the relative 
efficiency of the length of the surface of the blade for the purpose of propulsion, or the 
relation of the outside of the disc to the central part. In order to ascertain this, I 
decided to fill up the central portion of the screw with a sphere, so that when I had 
ascertained the loss of efficiency caused by this alteration, and allowed for the power 
required to drag the sphere through the water I could determine the loss — ^as I then 
imagined would occur — ^which resulted firom taking away from the screw the portion of 
the disc occupied by the sphere. In order to carry out this idea, I had a wooden sphere 
made one-third of the diameter of the screw ; and to this I fixed the outer portions of the 
xinc blades of the diameter and pitch according to the " common** or " Admiralty** screw, 
which then I believed to be of the best proportions. When the screw thus altered had 
been tested, to my great surprise I foimd that instead of a loss taking place, there was a 
slight gain in the speed of the boat, compared with the power then and previously exerted. 
The size of the sphere occupying the central portion of the screw was then enlarged, 
and I found that by doing so the velocity of the screw was increased, but without effecting 
a proportionate increase in the speed of the boat. 
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great to admit of general success, and the supposed advantages to be derived therefrom 
were for practical purposes far less than generally expected; in hcb^ it soon became 
apparent to me that the only actual advantage gained by feathering the blades of a 
screw-propeller is, that the blades when in that position, oflTer no obstacle to the progress 
of the ship when she is under canvas only, or when steam power and the screw are at 
rest. 

My attention was next directed to the construction of my screw-propellers in such a 
manner as would combine the greatest possible stabiUty with increased facilities for 
altering the pitch or replacing a broken blade in case of an accident, without the necessity 
of docking the vessel. 

When I first brought out my form of screw-propeller it appeared so contrary to the 

opinions of marine engineers generally that most of them ridiculed the idea, as they 

thought it contrary to practice and common sense: but very little consideration will 

convince the most sceptical that the form of my screw-blade is quite correct. Nature 

has given to sunft birds and fishes tapered and pointed wings and fins, but to the slaw 

birds and fishes, broad wings and fins. In proportion to the speed with which bodies 

move through fluid, will be the amount of the particles of that fluid put in motion, and as 

the paints or outer edges of the propeller blades move through the water at double the speed 

of the mn^ part or at half of the diameter of the screw, also being nearer the boss, the 

blades consequently require to be only one quarter as wide at the points as at the widest part 

near the boss, to put a column of water in motion equal to the screw*s diameter ; for 

example, with a two-bladed screw of 17 or 18 ft. in diameter, revolving at 60 revolutions per 

minute, the points of each blade will follow each other every half second, and as each 

blade strikes the water and puts it in motion it will sustain it in that state or very 

nearly so until the next blade strikes it, hence the slight difference, in retarding the speed 

of the engines between a 2, 3, or 4-bladed screw. I may as well state that I have not 

deviated from the proportions for the sufficient strength of screw-propellers as given to 

the Admiralty engineers from the first, and I consider those proportions to be as nearly 

correct as it is possible to get ; having made an immense number of them without having 

had a single failure, except from blades which have been in contact with wrecks or other 

submerged floating substances. 

There has always been a diversity of opinion amongst engineers with regard to 
the angle or curve of the propelling surface of the screw-blade, and a general opinion 
prevails that it ought to form a true screw at whatever pitch the screw is fixed to work. 
I have taken great pains to prove this and get at the best form. I believe also that 
most engineers are aware that if two screws are made in every way alike, with this 
exception, that one has a flat or straight blade, and the other curved, or forming a 
true screw, there will not be the difference of half a knot obtained in the speed 
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and repeat the diyision to the opposite extremity of the pitch, if desirable. Produce 
next the horizontal and vertical lines from the respective intersections, and draw the 
helical lines, as shown. Having defined the length of the screw on the line of keel, 
and the amount of comer to be cut off at the leading and trailing points, L and T, 
draw the end elevations of each blade, as shown ; then the elevation on the left will pro- 
duce the side elevation, and that on the right the plan. To render this matter to be 
ftdly understood, each blade in each view is similarly lettered A, B, and 0, so that the 
several positions of the blades correspond with each other accurately, thus not requiring 
further explanation. 

The Geombtby op the Four and Fivb-bladed Screws. — The geometry of the examples 
of screws now imder notice, is, of course, the same in principle as that preceding ; but as it 
often occurs that when a student has to draw a propeller with more than two or three blades, 
he is puzzled for a time, although he may remember the fact that the delineations of all the 
blades are alike. The point that is the most mysterious to him is, how to obtain the position 
of each blade in the plan and side elevation corresponding with the end view. To render this 
question of easy understanding, the illustrations in Plate 5 are introduced. The four-bladed 
screw-propeller is merely a short length, or portion of a long screw of a four-thread pitch, 
it will be seen ; but for the purpose of making all clear in this matter, we will explain how 
the particular positions of the blades are produced. The circle, whose diameter corresponds 
with that of the screw, is first drawn, next horizontal and vertical centre Hues ; half the 
circumference is then divided into eight divisions equidistant ; the pitch of the screw is 
next set off on the two parallel tangents projected from the circle ; this length is bisected, 
which produces the two half-pitches, each of which is also divided into eight equal parts ; 
horizontal and vertical lines are then drawn from the divisional points on the circle and 
tangents. The helical line, A B, is then drawn through the intersections, which lineal 
length, A B, is the pitch of one thread. Now, as there are four blades there must be four 
threads, three of them, C D B, being within the pitch, A B, but all of equal pitch and form. 
The process of producing the three helices is merely a repetition of that for the first helix, 
excepting the lines of construction, which are available without alteration or addition. 
Continuing the helices to the extremity of the screw, the four pitches are extended, and as 
these constitute the edges of the threads only ; next the boss connexions must be shown. 
Starting again at the circle, radial lines are drawn from the divisional points which 
divide the half circimiference of the boss circle into the same number of parts as the outer 
circle. Two parallel tangents are then projected from the boss circle which form the boss 
longitudinally throughout the length of the screw ; lines of construction are then drawn 
which intersect with the vertical lines already alluded to. The boss helices are thwi 
formed exactly in principle as those preceding. 

So much for the screw of a length exceeding the pitch ; but we require only a very 
slight portion of this length for propulsion, and our main purpose is to delineate that 
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portion ; the process of doing tliis is the simplest possible ; it is merely to settle the length 
and draw the two vertical lines, F F, which cut off, as it were, the remainder of the screw, 
as shown. 

But we alluded to the position of the blades just now, as when viewed in the plan or side 
elevation, which we will now describe. The position at shows both the views, because, 
being a four-bladed screw, and each blade corresponding in position horizontally and 
vertically, the same outline presents itself, showing but three blades in each case ; but 
firom the position at G four blades are seen ; or, at least, portions of each of them, which 
position, when geometrically considered, is, that the screw is either turned on its axis 
i of a turn, from C, or is viewed in a line with the arrow at C. We are aware there- 
fore from these conclusions, that the position of the blades of a screw in the end view 
determines the portion of the helices of each blade to be seen in the plan and side elevation, 
so that the student should decide the former position to determine the two latter. 

Our next explanation is the geometry of the five-bladed screw. The mode of producing 
the helices are precisely as for the four*bladed example ; excepting that the divisions on 
the semicircle and half-pitch are ten in this case instead of eight, as in the former. 
Having, then, determined the pitch, KL, the other four helices, MNOP, are produced, 
and, of course, continued as far as depicted. The boss-helical lines are next formed, which 
converts what is termed a five-pitch screw. The length of the screw-propeller is next 
settled, which involves the utility of the vertical lines, R R. The position at L shows the 
side view of the propeller as projected from the position of the blades in the end elevation, 
or as viewed in the direction of the corresponding arrow, L. We may here observe that the 
side elevation, L, shows three blades angularly, and only a portion of the fourth behind the 
top blade. The next side view is near N, which is projected at right angles to the horizontal 
line of the end view, or in a line with the arrow, N, corresponding. On comparing the two 
side elevations at L and N, we shall see that the former shows a fiill side view of the lower 
blade, while the latter has a direct view of the central blade, looking at its edge ; and that 
the top and bottom blades at N are not as fiilly seen as the bottom blade at L ; but the 
position at N has the advantage, however, in the number of the blades seen from the cor- 
responding point of view, as noted in the end elevation at N, which, in passing, it may be 
added is three blades within the plane of vision, and a portion of two beyond. 

Next we come to the explanation of the side elevation near 0, which is a view seen 
from an opposite point to that of N in the end elevation. From this position no direct 
view of any blade can be seen, as the centre line of vision is between the two blades which 
are at an angle towards the eye, and the remaining two seen are receding at a different 
angle, so that although four blades are viewed, two are situated angularly towards the eye, 
and two angularly from it, the fifth blade being behind the boss, corresponding in position 
with that in front in the side elevation at N. 
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The student can now, from the preceding remarks, arrive at a definite conclusion as to 
the geometry of the screw-propeller, which, as we said before, is merely a matter of the 
simplest order — first starting properly, and the remainder is ahnost a mechanical operation 
as far as thought is affected. We have plainly shown in Plates 2 and 4 what the ordinary 
method is for drawing screws of that class for actual construction, and the present illus- 
trations in Plate 6, are founded on the same principles as before alluded to ; but our pre- 
sent aim is again to render the entire matter more clearly, if possible, than before, to the 
student, who may require that additional instruction. As a conclusion, therefore, if it is 
borne in the mind of the student that each blade of a propeller is merely a portion of the 
thread of a screw, and that any number of blades introduced are merely a corresponding 
number of threads from pitch to pitch inclusive, he will understand the entire subject 
concisely. He will appreciate also the fact that six, eight, or any number of blades of a 
screw-propeller can be as correctly and as easily drawn as two or three blades ; for, once 
settling the proportions and positions, the rest is, metaphorically, a matter of plain 
sailing with a fair wind. 

The Geometry op the Blade op an uneven Pitch. — This branch of the present 
subject partakes of the " principles" acknowledged by the inventor, whose screw-propeller 
bears his name, the " Mangin** screw. It is not now the purpose to treat of the cause 
and effect of this principle, but rather to give the practical geometry as illustrated 
by Plate 6. Although the " principles" of the blade's action in the water are now 
ignored, the geometrical " principles" necessary to produce the form of the blade must be 
considered. It must next be remembered that the mode of producing the helical line is by 
the division of the pitch and the circumference of the screw into an equal number of parts, 
all the divisions having a strict relation to each other. Now, if this rule is absolute, and 
in no form can be altered, certainly if half of the pitch only is required, half of the 
circumference will be sufficient to correspond geometrically. Again, then, if half the 
pitch and circumference will produce the half of the helix of the blade, or its complete 
angle — ^which it does, as already demonstrated — and if only one-fourth of each helix is 
required in this case for the half portion of the blade, then one-fourth only of each pitch and 
circumference is sufficient also for the geometrical demonstration. We again learn from 
these facts that the complete helix bears a relation to the complete pitch, and likewise to the 
complete circumference, which is the geometrical principle now under notice. Referring 
again to Plate 6, the two heUces are thus produced : Divide one-fourth of the circumference 
into any number of parts, and one-fourth of the pitch into the same number to correspond, 
project the horizontal and vertical lines as before explained, and the helical line can be 
readily drawn as illustrated. Set off D B and D F equally, if so decided on, which will 
produce G and H unequal ; but if G and H must be equal, then D B and D F will be 
imequal. These reversible distances or proportions are the result of the corresponding 
positions of the points of contact of the helices of the unequal pitches ; for example, if the 
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oonnexioii of the helical lines is at the centre of the length of the blade on the line of keel, 
then will G and H be equidistant from the centre of the connexion. But if the centre of 
connexion is on the angular length or width of the blade, then will D E and D F be equal, 
and G and H proportioned sfi before explained. The end elevation will depend on the 
plan in this case as in others, and is, therefore, produced similarly as shown. 

The Gbombtby o* a varying Pitch. — The first matter here to be noticed is the amoimt 
of pitch required to produce the construction of the central helical line, and from that the 
constructing angle of the blade. Now, in the Illustration Plate 6, there are two helical lines 
of 16 and 20 ft. pitch respectively, the mean of which is 18 ft., which is the constructing 
pitch of the blade. It will be seen that the blade in this case is secured by a flange to 
the boss ; while the requisite amount of oval in each of the bolt-holes in the flange is 
entirely due to the variation in the extreme pitches. 

The blade is first set out from the 18 ft. pitch in the usual manner already explained 
and illustrated, and from the two extreme pitches next is produced the relative helical lines 
as shown, and the points where these helices intersect with the flange circle, will be the 
marking points to indicate the relative angles of the blade, also the length of the oval of each 
bolt hole. 

The geometrical diagram under notice refers to one blade, but it will be well again 
to mention that the principle is equally applicable, whether two, three, four, or any number 
of blades are required ; therefore the mode of producing the several positions for each will 
be aUke. If the drawing is required for three blades, refer to Plate 4 ; if for two, refer 
to Fig. 8, in Plate 2 ; and if for four, refer to Plate 5, and also to Fig. 14, which is a 
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the horizontal line is divided ; then from these divisional points lines are drawn to the obtuse 
apex of the triangle, the angles of which are those of the various sections of the blade at 
the points of division on its length. But it may be urged in contradiction of this method, 
that the form of the blade of a true screw-propeller at the various points alluded to, and 
throughout also, must partake of that of the geometrical curved helical lines and therefore 
not of the straight or angular elements. This fact, however, presents itself in answer, that 
as the curves of the blade are actually of such short lengths of the helices in practice, the 
approximation from the angular lines are perfectly admissible for projection as a drawing, 
and indeed if the truth of this conclusion requires support, refer again to Fig. 3, Plate 1 ; 
raise the angular line B, G\ to the curved helical line of the screw and it will be seen that 
the direct angle between the lines 3 to 5 is precisely as B, CS showing also that, that 
the portion of the blade could be faithfully depicted without the helical curved line, as &r 
as the angle is concerned. 

Having then proved the veracity of the triangle we now proceed with its application, 
commencing, of course, at the beginning of the mode requisite to delineate an example of 
the propeller imder notice correctly. The illustrations introduced for this purpose are 
shown in Plate 7, the actual proportions of the example being, diameter of screw 20 ft., 
constructing pitch 20 ft., miTiiTTmnn 18 ft., and maximum 24 ft., diameter of boss 5 ft. 9 in., 
length 4 ft. 3 in., width of top of blade, 2 ft. 11 in., maximum width 6 ft. 2 in,, and width 
over boss 5 ft. 3 in. 

The mode of delineation is thus : the circle denoting the boss is drawn, next the 
outline of the flattened surface of the blade, the length of which from the boss is subdivided 
and cross-sectioned, afi shown. The vertical section is next drawn, showing the curve of 
the blade, or the " lean-to " forward, the amount of lean-to from the back surface being 
13 in. in this case. We have now the main elements of the blade depicted — ^in dotted 
lines — and as far as the actual construction is affected sufficient for all practical purposes ; 
but the representation of the blade in plan and elevations requires additional delineation, 
which we will now describe. The constructing pitch of the blade at the edge and root is 
20 ft., and the helical lines are produced by the ordinary geometrical method, also those 
for the 24 and 18 ft. pitches similarly, but in this case at a reduced scale to economise space. 
Having then the helices of the blade for construction, we commence to draw the plan at 
that pitch, as from it, and it only, must the elevations of the blade be produced. Now, as 
the sides of the flattened form of the blade on each side of the vertical centre line are 
duplicates or equidistant at all points, the centre line of the boss is the starting point for 
the plan. The lean-to of the blade from the centre line is equal to o^, in the side 
elevation, then with o^ as a radius and the centre of the boss as a centre describe an arc, 
which depicts the amount of lean-to in plan also. Our next step is to produce the 
angles of the blade from the last point or the top edge to the root. 
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Here we must reiterate the practicability of our remarks at the commencement of 
Chapter HI., and also at the present one. We stated, to begin with, that the screw is 
merely a right-angle triangle, and we have added since — ^in this Chapter — ^that each 
portion of the triangle is in perfect unity with each other ; so that any triangle, within 
the main or largest triangle, of the same proportions, will accomplish similar results 
as the larger in the matter of geometry. 

Now, to test this again, the constructing pitch in this case is 20 ft., the diameter of 
the screw 20 ft. ; then 20 x 3-1416 = 62*832, or the circumference of the screw, which 
produces a right-angle triangle whose height is 20, and horizontal line 62*832. Now, if 
we make a triangle whose height is 20 in., it will be ^th of the larger, or the pitch in 
inches instead of feet for the height ; the horizontal line will be 62*832 in., and the angle 
of the helical or angular line will be as that for the larger figure. 

It is often the practice with engineers to simplify the matter in question by making 
the horizontal line one-fourth of the diameter of the screw when the vertical line is in 
inches of the pitch in feet, as we have done in the present illustration, which really is but 
a fraction short of the ftill horizontal line ; consequently, the angular line is but scarcely 
affected by the variation. The main object for this concise approximation is that as 
one-fourth of the diameter of the screw is used for the horizontal line, all divisional spaces 
on it will be exactly one-half of those on the length of the blade, which renders the 
proportioning of the dimensions an easy method. 

Having now settled the proportions of the right-angle triangle, we next proceed with 
its construction, and afterwards with the application. At the right hand of the side 
elevation of the screw in Plate 7 is shown the diagram of the constructing triangle, whose 
actual height is 20 in. and its length 5 ft., or one-fourth of the diameter of the screw. The 
elevation of the blade must now be referred to, as it bears special relation to the triangle. 
The half diameter of the screw is divided into certain spaces or divisions in the following 
manner : From the horizontal centre line of the boss set up the height. A, which is the 
commencement of the blade ; from this point set up B, which is the top of the boss. The 
blade may now be divided into equal spaces, if preferred ; but in the present case it is not, 
for reasons which will be explained as we proceed. From B set up C, which is a starting 
point to draw the first horizontal section of the blade, the remaining portion being 
sectioned at equal distances to and from the extremity. At the point C set up the equal 
distances, D, E and F, G, H, I, and K ; the space F bears reference to the outer radius^ 
of the lean-to of the blade only. The horizontal lines 1 to 10 are next drawn, which 
divide both of the elevations alike respectively. 

We have now to remember again that as the half diameter of the screw is double the 
length of the horizontal line of the constructing triangle, therefore all the divisions on that 
Une must be half of those in the elevation of the blade, as depicted by the corresponding 
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letters and figures. From these points lines are drawn to the lower or obtuse apex, thus 
forming a series of right-angle triangles within the largest outline. We have now actually 
constructed the angles of the blade for the plan at the points of division in the elevation, or 
the same in principle as for a series of screws of unequal diameters, but of the same pitch ; 
and our next purpose is the application of our attainments. Referring again to the plan, 
we started at first with the radius, a\ and we must now describe the lesser radius, 6*, in the 
opposite direction — ^taken from 6^ at the root of the blade in the side elevation — which 
produces the limit of the lean-to of the blade from the back surface to the front inner 
edge. The utility of the " constructing right-angle triangle** now requires demonstration, 
and, to commence with, the angle No. 10 is available. This angle is laid on the plan as 
a tangent to the smaller curve, whose radius is 6\ the length of the angle being taken 
from the width of the blade at No. 10 in the side elevation ; and as it is equidistant on 
each side on the centre line in that view, its extension corresponds equidistant also in the 
plan. The vertical line of the triangle is then raised from the point on the arc, which is 
the centre of the length of the angle 10 ; next the horizontal line is drawn equal in length 
to the original, and this line is also similarly divided, and their corresponding angles are 
produced, each extending beyond the apex of the triangle equidistant from that point on 
each side, the total lengths being taken from those in the side elevation nimibered 
respectively 10 to 6. Now, if we turn to the side elevation of the blade, we shall see that 
the radius of the curve or lean-to commences at the divisional line No. 6 ; so that the 
vertical line of the blade's section terminates there also. Obviously, then, in relation to 
the plan, the utility of the right-angle triangle is concluded when in its present position. 
The angle No. 5 is now drawn, which very nearly intersects with the apex of the triangle, 
the length of this line being of course due to that corresponding in the front elevation. 
Next the angle No. 4 is projected, which, as No. 5, is also parallel from that in the 
triangle, and forms a tangent to an arc whose radius is taken from the lean-to in the side 
elevation at the divisional line No. 4 ; and the length of this angle is set off equidistant 
from the point of intersection on the arc, taken from the width at No. 4 in the front eleva- 
tion. No. 3 angle is now produced in the opposite direction from the centre of the boss, 
but at the same angle of course as No. 3 in the triangle, an arc being described from the 
same centre as before with a radius taken from the line No. 3 in the sectional elevation, 
to denote the point of division for the length of the angle No. 3. The angle No. 2 is next 
projected from the triangle, its position in plan being taken from the lean-to in the elevation 
as before ; and the utility of the arc and its intersection for the point of division is again 
observed. Lastly, the No. 1 angle is drawn on the respective arc of the largest radius, its 
length being of course equal to the width of the top edge of the blade, and its position 
from the boss due to the lean-to in the side elevation, as already mentioned. These 
several points are then joined by an irregular curve, as depicted, which illustrates the plan 
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of the blade from the root to the top. As all the divisional and constnicting lines are 
figured alike respectively in the three views, the student can readily distinguish the angle 
of the blade at these points without doubt or confusion. 

It is preferred in some instances to produce the angle of the blade at the root in 
the following manner ; which we have also illustrated, at the right hand side of the 
plan, imder the side elevation and constructing triangle : describe a circle whose diameter 
is equal to that of the boss ; from the centre set off on the horizontal centre line, already 
drawn, a distance equal to one-fourth of the constructing pitch of the screw, divide this 
length into any number of divisions equidistant, say ten, as in the diagram ; bisect the 
horizontal line on the opposite side in a similar manner to the circle's limit ; next from 
the intersections on the line draw right angles lettered ^, y, j?, tr, v, respectively on each 
side of the vertical centre line which is lettered u. Continuing now the horizontal line for 
a certain distance beyond the diagram already constructed, we next draw a semicircle 
whose radius is equal to that previously used ; the arc is bisected by the horizontal line, 
and from that intersection on each side, one-fourth of the semicircle is divided into five 
divisions equidistant, making ten as a total as those on the horizontal line. From the 
intersecting points on the arc or semicircle, radial lines are drawn to the centre, and 
lettered z^ y, «, &c ; then with the vertical line -? as a radius, and the centre of the semi- 
circle as a centre describe arcs on the radial lines ^, ^, next with the vertical line y as a 
radius, and the same centre as before, describe second arcs on the radial lines y, y ; the 
vertical lines to and v are similarly and respectively used, and as the lines w, w, in each 
case are centre lines, their position is unaltered in application : now from the latter inter- 
sections on the radial lines produce parallel horizontal lines, each respectively connected 
with the vertical lines above and below the central horizontal line, then a line drawn 
through these intersections will denote the angle and twist of the root of the blade at 
the boss, which is actually the same in principle as that depicted in plan from the con- 
structing triangle. 

The student must now direct his attention to the formation of the helical lines for the 
minimimi, constructing and the maximum pitches, which are illustrated at the right-hand 
extremity of the plate; the minimum pitch being 18, the constructing 20, and the 
maximum 24 feet ; showing a difference of two feet in one direction, and four in the other, 
producing therefore a mean pitch of 20*666 ft., which has been purposely omitted in the 
present case as the constructing pitch. Commencing now with the description of the 
delineation of the maximum pitch of 24 ft., it is first set out at a scale of ^ of an inch 
to equal one foot — ^to economise space as before stated — a semicircle is then drawn whose 
radius is equal to the half diameter of the screw ; the arc is divided equally into twelve 
divisions, and the pitch into twenty-four; the horizontal and vertical lines are next 
produced and the helical line of the top edge of the blade is formed by that line cutting 
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the intersections. The semicircle denoting half of the boss is then drawn, and radial lines 
produced from the intersections on the outer arc to the centre ; where these lines cut the 
boss circle are starting points to project the horizontal lines from, which lines must be 
prolonged throughout the pitch, the helical line is then drawn, and from it and that 
previously constructed, the two angles of the blade at the root and the top edge are faith- 
fully depicted at the pitch under notice. 

Our next purpose is the mode of producing the constructing or helical line for the 
blade, at 20 ft. pitch ; as a matter of similarity, and for no other purpose, the semicircle 
is divided into ten divisions, to agree in number with those on the blade's length, tlie 
pitch is divided into twenty spaces, and from this proceeding the helical line of the top 
edge of the blade is produced. Next we require the helical line or angle of the blade at 
the divisional^ line No. 6 in the elevation, as at that position the lean-to of the back 
of the blade commences ; consequently all sectional angles above that point caamot cross 
each other on one point of intersection. The second semicircle is next drawn, whose 
radius — ^by scale — ^is from the centre of the boss to the divisional line No. 6 in the eleva- 
tion of the blade ; radial lines are then drawn from the outer arc to the centre, which, 
cutting the second arc — of No. 6 radius — ^produces starting points for horizontal lines to 
be projected. These latter lines cut those vertical within the length of the pitch, and 
through the intersections thus formed a helical line is drawn, which is that for the blade at 
" No. 6 radius." The mode of producing the angle of the blade for " No. 9 radius '* is, of 
course, as that for the angle of the blade at the boss, the radius being similar in each case. 

Now, the utility of our latter demonstration, although perhaps apparent to engineers, 
may not be equally clear to students ; therefore, if we dilate a little on the subject, our 
purpose will be understood. Betuming to the three angles of the blade at 20 ft. pitch, 
we wish to compare them with those similarly numbered on the constructing triangle. 
Now, if we use two set squares for this purpose, it will be the simplest method, thus : 
project the angle No. 1 of the helical line near to the angle No. 1 of the constructing 
triangle, and those two lines will be parallel ; therefore, if the former line is laid on the 
latter, they will fit without overlap, as far as the angles are concerned. Next project the 
helical angle. No. 6, on to the constructing angle No. 6, and a similar result as before will 
occur ; and, lastly. No. 9 helical angle will be foimd to agree also with that of the triangle. 
The student has now been again instructed as to the veracity of the diagram Fig. 3, in 
Plate 1, which, as we said before, is the basis of the principles of the screw-propeller ; 
demonstrated also by the diagram in Plate 3. 

The helical lines for the 18 ft. pitch are produced by dividing the semicircle into nine 
divisions, and the pitch into eighteen, the intersections of the horizontal lines forming the 
paths for the helices. 

So much for the plan of the blade and the various means for producing it ; we must 
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next describe the mode of forming the complete elevations of the blade, commencing with 
the front view. Now, afi the plan is complete, from it we mnst project the front elevation, 
therefore from the edge of the blade, at the point of the angular intersections, draw 
vertidJ lines ; connect these respectively on each side of the centre line with horizontal 
lines, which are lettered in alphabetical order from a to k. These lines, it will be 
noticed, are in strict relation to those on the elevation of the blade ; therefore with a a 
frt>m the plan as radii, and the vertical centre line as a centre, describe arcs cutting the 
line 1, or the top of the blade, which are the starting points ; then the lines b b are used 
as radii on the line No. 2, next c c on No. 3, and so on in due relative order until the lines 
k k are used on the line No. 10, which terminates the projection. Lastly, the curves 
are drawn through the arcs on the horizontal lines, and thus the elevation of the blade is 
formed from the angles on the plan. ^ 

Turning next to the side elevation the method is the same in principle as before ; 
horizontal lines are projected from the angular intersections in the plan, vertical lines 
connect them, which are lettered a to k alphabetically. The main feature here to be 
noticed is the centre line and its relation with that in the elevation and plan ; then with 
a a as radii from the plan, and the intersection of the horizontal line. No. 1, with the 
vertical centre line as a centre in the sectional elevation, describe arcs cutting the line 
No. 1, on the same side of the centre line as in the plan, next with the radii b b apply 
them relatively on each side of the centre line of the elevation on the horizontal line No. 2, 
then c c on No. 4, and dd on No. 5, and continue to the end in alphabetical and mmierical 
order. Through the arcs describe the lines denoting the fore and aft edges of the blade, 
which depicts the side elevation of the blade when set at a pitch of 20 ft. 

It will be remembered that the sides of the flattened form of the blade are equidistant 
on each side of the centre line, the radii being 10 ft. for the top arcs and 3 ft. for those 
connected with the boss. It appears also in the plan, that, although the flattened form 
is equidistant on each side of the centre line in the elevation ; in that view from the centre 
line a perfect inequihty of position of the outline occurs ; for instance, the radii ato k 
horizontally are all imequal in length, then again ato k are unequal vertically also ; next 
from the centre of the boss all the points of the termination of the angles are non-equi- 
distant from it ; so that the starting points for the setting out of the outline equidistant 
are especially due to the intersections of the angles with the arcs of position, and also to 
the points of intersection at the root which has been described before in detail. 

Now, it sometimes occurs that the flattened form of the blade is unequal on each side 
of the centre line of the boss in the elevation, and also that the arcs forming the sides 
are of unequal radii throughout ; so that it presents a different aspect to that just described. 
Knowing this, and knowing, too, that it affects the geometry in a figurative sense — but not 
the principle— -we have introduced the Diagram, Fig. 20, on the next page, as an example. 
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The diameter of this 
propeller is 15 ft., the 
TniTiiTniiTn pitch 15 ft. 
6 in., constructing or 
mean pitch 18 ft., and 
the Tnaximiim pitch 20ft* 
6 in. The geometrical 
delineation of this ex- 
ample commences with 
drawing the vertical 
centre line of the boss, 
then the horiribntal cen- 
tre line, not seen; and 
on the intersections as 
a centre, with the half 
diameter of the boss as 
a radii, the arc of the 
root of the blade is 
drawn, below which the 
flange for its connexion 
is produced. Next the 
limit or line of the top 
edge of the blade is set 
out from the centre of 
the boss equal to the 
half diameter of the 
screw, the length of the 
blade dating from the 
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Geometrical delineation of the Griffiths* Screw- 
Propeller. 

Fig. 20. 



flange and ending at 
the top edge. The half 
width of the top of the 
blade is then set off 
equidistant, in this case, 
on each side of the cen- 
tre line ; next are set 
out, from the arc at the 
root, the equidistant di- 
visional points G, P, E, 
D, C, and B ; then draw 
the horizontal line, F, 
which intersectswith the 
centre line of the boss, 
at this intersection as a 
centre, and, with 3 in. 
as a radius, describe an 
arc, or mark a point off 
towards the left hand, 
which, where cutting the 
horizontal line, is the 
centre of the unequal 
radii of the lower arcs 
or edges of the flattened 
form of the blade, as de- 
picted, 2 ft. 6 in on the 
left and 2 ft. 2 in on the 
right hand. The arcs 



thus described extend only from the horizontal line, F, to the boss. The largest arc 
of 7 ft. 6 in. radius is then drawn, which connects the top edge of the blade and the aro 
of 2 ft. 6 in. radius, the opposite limit being connected by a curve and a straight line from 
the arc to the top edge of the blade. Having settled the geometry of the flattened form 
of the blade, we next direct attention to the sectional elevation at the right hand of the first 
view ; the straight portion is raised which extends from the root to a point a Uttle distance 
below the divisional line, D, and from it a horizontal line is projected equal to the radius 
of the lean-to of the back surface of the blade ; the radius of the inner arc is then drawn, 
and thus the section is produced from the root to the top ; the horizontal lines of division 
are then drawn through the respective points in each elevation, with the additional line, H, 
below the flange in the front view. 
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Leaving now the elevations for the present, we next proceed with the method of pro- 
dacing the plan ; the two circles representing the flange and the boss are first described ; 
next the horizontal and perpendicular centre lines, then on the intersection as a centre, 
and haif the thickness of the blade at G, in the sectional view, as a radius, describe an arc 
which is the limit of the back surface of the blade in plan. Having now the position of 
the aft side of the blade on an arc near the centre of the boss, our next endeavour is to 
attain the position of the top edge of the blade in the opposite direction in the same view, 
which is accomplished thus : with the lean-to of the top of the blade from the centre 
line in the sectional elevation as a radius, and the centre of the boss in plan as a centre, 
describe an arc below the horizontal line on the right, which is the other limit required. 
We require next, however, the angles of the blades at these two limits, which are produced 
either by " ordinary geometrical " means or by the " constructing angle ;" supposing the 
latter to be preferred, the proceeding is as follows: from the centre of the boss 
set up a distance on the vertical centre line equal to one-twelfth of the pitch, or 
the pitch in feet expressed in inches, from this point project a horizontal line to 
the right whose length is equal to one-fourth of the diameter of the screw; from 
this limit draw an angular line to the centre of the boss, which completes the outline 
of the triangle, the height of which is, to scale, 1 ft. 6 in., and the horizontal length 
3 ft. 9 in., then from the horizontal limit of the triangle lettered A, the points B to 
H, alphabetically, are depicted, the spaces between which being half of those in the 
elevation; the angular lines are next produced; forming thereby the angles of the 
several sections of the blade, at the respective points in the elevation. Knowing now the 
utility of the triangle, its adaptation is but a matter of simple parallel projection thus : 
firom the angle F project a parallel angle // forming a tangent to the arc, denoting the 
Kmit of the back surface of the blade. We must now allude to the elevation of the 
flattened form of the blade, and to the line F in particular in that view, as on this line is 
the centre of the constructing radii 2 ft. 6 in. and 2 ft. 2 in. Now the distance of this 
oentre from the centre line of the boss is 3 in., as before stated, which distance can 
be actually produced from the plan in this manner — ^where the angular line or tangent// 
intersects with the arc and where it also intersects with the vertical centre line form two 
points, the space between them being 3 in. ; therefore as arc and angle intersections in the 
plan form constructing points for that view, obviously they must bear a strict relation to 
the elevation ; consequently, the space, 3 in., in plan is transmitted to the elevation for 
the purpose of construction there also. The angle G is next projected, forming gg^ then 
H forms hh; we proceed now with E to produce the angle ee, and then with C for cc; 
afi;erwards with B to form 66, and lastly with A to produce aa; it is ahnost needless to 
state that all the angles which do not intersect at the point Q are tangents of separate arcs 
whose radii are taken from the sectional elevation. The next step is to produce the line 
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a* a\ which is drawn at right angles to the angle a a, and intersects with the centre line 
at the point Q ; the position where a^ a^ cuts a a is the starting point to depict the length 
of the angle of the top edge of the blade, the distance being 1 ft. on each side, it being 
taken from the elevation where it is figured. The limits of the other angles are also 
taken from the elevation and are then set out on each side of the intersections at the 
point Q, and with the respective arcs, or if preferred a line drawn from Q to a\ on 
the centre of the edge of the blade, will depict the points of division, and will directly 
correspond with a line drawn from the centre on F to the point A in the elevation. 

We thus have demonstrated the fact that the plan can be produced in the most simple 
manner without helical geometry, as we have already explained ; but before leaving that 
view we may as well describe the utility of the diagram directly above it which is for the 
purpose of " obtaining the angle of the root of the blade at the boss,** also depicted 
in Plate 7 ; for the present application it is to start from the point Q in the plan, and set 
up 4 ft. 6 in. to scale, or one-fourth of the constructing pitch; this length is divided into 
sixteen parts — ^in the present instance, but any greater number will be equally, if not more 
available— the points of division are then numbered to 6. Next, downwards similar 
spaces are set out and the points numbered beyond Q, from to 7 ; horizontal lines are then 
drawn which extend to the outline of the diameter of the boss. The dotted semicircle is 
then drawn — equal to the half diameter of the boss — ^and the starting point of division is 
at Q, or the intersection of the vertical line with the arc. Now, if it is remembered that 
the position of the centre of the radii on the line F, in the elevation, is due to the set-off 
taken from the plan, it will be appreciated that the same cause applies for the blank divisional 
spaces in the plan and on the semicircle under direct notice marked Q to in each case — 
it may here be added that the direction of these spaces are in strict connexion with each 
other. The semicircle is then divided into four equal parts, and the space on each side of 
the vertical centre line Q, is subdivided into eight divisions, which, added together, equal 
the total number of the spaces on the vertical line— that is equal to one-fourth of the 
pitch. As there is a blank space from Q in the plan, similarly there is a blank space in 
the semicircle, which produces nine divisions on the left hand in that view. The radial 
lines are next drawn, and the respective points marked thereon with radii taken from the 
plan ; thus the radius of No. 1 on the left is the horizontal length of No. 1 in the plan 
below the centre line, and No. 1 radius on the right is from No. 1 above the point in the 
plan. Similarly all the other points are produced from the respective sources. Each point 
is then projected on to the horizontal lines ; a line drawn through the intersections forming 
the angle required. Assuming now that all the angles are obtained, either by the 
triangular or the circular process, the limits of the blade are then joined by a curve, which 
forms the outline, as depicted. 

The plan being now complete, we must next explain its use to produce the complete 
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elevation of the blade, at the angle or pitch it is now set at. The mode of obtaining this 
outline is but a matter of direct simple projection, which is rendered particularly so by the 
same centre line being available in each view as a starting point. Commencing at the root 
of the blade on the right hand, we use the horizontal distance from the centre line to A in 
the plan,, above the central horizontal line, as a radius on the line H in the elevation ; then 
the distance from g to the centre line in the plan is similarly adopted on the line C in the 
elevation ; next the length from the centre line to / is used as a radius on the line F, also 
the length e on the line B ; then rfis used on D, next c on C, and 6 is used next on B, and, 
lastly, a on A; through these intersections a line is drawn, partly straight and the 
remainder curved as shown, which depicts the aft side edge of the blade. We next proceed 
to define the outline on the left hand, commencing at the top, or on the line A. It will, of 
course, have been noticed that to produce the outline already described all the radii have 
been taken from the right hand in the plan ; and, further, that these distances are all above 
the central horizontal line ; hence our present delineations are in a direct opposite 
direction to those previous. Starting again with the projection on the left^ we use first 
the horizontal distance of a to the centre line in the plan as a radius on the line A in the 
elevation ; next the length from the centre to b is described on the line B from the same 
centre line, after which c is used on D, then e is used on B ; and, continuing in alphabetical 
order, the radii ftoh are used on the lines F to H relatively, from the plan to the elevation ; 
next through these intersections a curve line is drawn which depicts the forward side edge 
of the blade, as illustrated. The side elevation of the blade — ^not shown — on each side of 
the section is derived from the respective points on the plan, their distances from the 
centre line being taken vertically, and then apphed horizontally in the elevation. 

Now having defined the modes of producing the various views of two propellers of 
unequal proportions and form, our next purpose is to compare these attainments and 
dilate a little on the difierences that occur in the outline of each view. Beginning then 
with the front elevation of the blade in each example, it is again noticed in Plate 7 that 
the flattened form is imiform on each side of the centre line of the boss ; but in Fig. 20 an 
imequal outline is particularly observed ; which although different in form does not affect 
the total area of the blade in proportion to the former example. The area of the blade in 
Plate 7, is the same on each side of the centre line because all the constructing radii are 
equidistant also ; but in Fig. 20, what is lost in area on the right-hand by the contraction 
of the outline is made up by the extension on the opposite side ; so that the required area 
of the blade is maintained. Next then as to the better form, for if with construction uni- 
formity of outline is desirable it is well to preserve it if possible, and therefore not involve 
it with difficulties if they can be avoided ; for it is obvious that the cutting off of the lead- 
ing edge of the blade greatly curtails the acting area at that part, hence to retain the 
proper area throughout it must be put on below, either on the same side of the centre 
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line, or on that opposite. We must not overlook another fact also, that the construction 
of the blade is not always what we have intended it to be on paper, it often occurs that 
the outline is not exact, nor is the '* lean-to " a true arc, but rather that both are irregular 
where regularity was intended — all of these latter remarks of course pertain to the construc- 
tion mostly, but as the drawings under notice have been worked from, we have full licence 
to introduce a little practical queries in relation to them. The effect sought after with the 
form in Fig. 20, was to make the leading edge of the blade strike the propelling currents 
more smoothly than would presumedly occur with the ordinary or uniform shape ; the idea, 
doubtless, being borrowed from the shape and effect of the oriental sword or " scimitar," 
which is curyed back to render its duty more effectual. Now, as the full area of the blade for 
propulsion must be retained under all circumstances of design ; and as with the form of 
blade in question the top is the narrowest portion throughout its length, therefore the 
" leading edge '* is actually cut off or curved in the right direction ; and also as there is no 
objection to making the trailing side a duplicate of the forward half, it really seems more a 
matter of caprice than the result of scientific research, to use the unequal form alluded 
to, viz., the bulging forward about midway, and contracting from behind near the top, to 
make up the propelling surface required. 

We must next direct attention to the outline of the flattened blade in relation to its 
aspect as seen when set at the angle corresponding with the required pitch. Referring 
next to Plate 7, the " front elevation of the bla,de " shows that the dotted outline nearly 
encompasses that depicted by the fiill line, which latter illustrates the blade when 
set at 20 ft. pitch. The forms of the spaces between the two outlines are singularly 
imequal ; the forward or leading side is entirely within the dotted outline, but the trailing 
portion is only partially so bounded ; yet, notwithstanding this difference in position, the 
area of each boundary space are almost equal ; for what is omitted in one place is made 
up by the excess in an opposite direction. Alluding next to the outlines of the blade in 
Fig. 20, it is apparent that although the flattened form is irregular, yet the encompassing 
areas between the outlines are nearly equal on each side of the centre line, not only in 
superficial contents, but in actual form also. We notice, on comparing the two views, that 
the flattened outline in Plate 7 is equidistant from the centre line of the boss ; but when 
the blade is set at the angle required, the leading side presents a frdler curve or bulge than 
that opposite ; similarly in Fig. 20, as there is a greater difference in the form of the fore 
and aft edges of the blade, there is a greater contrast in the appearance of the outUnea 
with that in Plate 7. 

From the preceding remarks and facts we may safely conclude that the form of the 
blade when set at the required angle, in the complete elevation, is the main considera* 
tion, and that the flattened form must depend on that outline when it is first deter- 
mined, and not vice versd as the practice in general; but this alteration will not in any 
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way affect the principle of the geometry ; for it is as practicable to produce the 
flattened outline of the blade from the complete elevation as to reverse the mode 
<rf projection, or as with the method abeady explained. As a proof of this fact, we 
will assume that we require to produce the " flattened" form of the blade as a 
conclusion instead of as a commencement, or that we intend the form of the blade 
to depend entirely on its side and front views, and having settled either or both, we 
proceed to draw the plan, next the remaining elevations, if required, and, lastly, the 
outline of the flattened form. Turning again to Plate 7, as the best illustration for our 
present purpose, we commence with producing a central vertical line in the front elevation 
next the horizontal centre line of the boss, which latter is next drawn, and then the length 
of the blade set up ; our next proceeding is to decide the outline of the blade in this view 
when set at the 20 ft. pitch, which we accomplish by drawing the curve line on the left as 
the leading edge, and that on the right as the trailing side. 

Now, if we desire to cut off more of the leading comer than shown by the fiill line, 
we can carry out that idea by drawing a curve inclining more towards the centre line, and 
thus reducing the area at the top of the blade, which loss of space can be replaced about 
the centre of the blade's length if required. 

Assuming, then, that the outline is to be as depicted, we next form the sectional 
elevation of the blade from its root to the tip, with the amount of " lean-to " agreed 
on ; the half diameter of the propeller is next divided into the number of divisions lettered 
A to K, the horizontal lines are then drawn which are utilised to produce the plan. The 
mode of producing the latter view is to first draw the arcs of position of the several 
angles, the radii b^ing taken from the sectional elevation as before mentioned; the 
constructing triangle is again employed, and from it the tangents are obtained ; thus the 
tangents 10, 9, 8, 7, and 6, are all connected on the arc 6^ whose radius is 6^ in the section ; 
the tangent No. 5 is projected from the angle No. 5 slightly nearer to the centre of the 
boss, the actual position or arc being known from the sectional view ; the arc No. 4, 
denotes the position of the angle No. 4, then the arc No. 3, settles the position of the 
timgent No. 3, next the arc No. 2 defines the starting point for its tangent, and, lastly, 
the main arc of the largest radii No. 1, completes the projection of the angles from those 
of the triangle. Now, it must be strictly remembered that although all the angles are 
drawn, they are presumed to be of indefinite lengths at present, and the next process 
is to decide their several extremities ; therefore as the horizontal lines of position in the 
front elevation are respectively related to those angles, their utility to define the plan 
from the elevation is obvious ; and the angles, as they are now assumed to be are without 
any definite limit the ireal purpose at present is to determine how far they may, or may 
not extend. To accomplish this in the most effectual manner we must return to the 
front elevation of the blade and commence with the line No. 1; this line is projected 
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parallel on to the angle No. 1, which defines the length of the latter, so that the horizontal 
length of the angle is equal to the length of the line ; the most concise proceeding is to square 
or project the limits of the lines on to the angles, which of course defines the lengths of 
the latter immediately, or if preferred the radii a to Ar can be used as before, but reverse 
in their application ; it is obvious therefore that the plan can be as easily produced firom 
the complete elevation as from the flattened view. 

Our next purpose is to explain the method of producing the flattened form from the 
plan, but which is indirectly taken from the elevation. Having drawn the irregular curve 
through the intersections on the angles, the outline of the blade may be said to be 
complete. We next allude to the points of intersections on the angles between their limits, 
or those with the arcs of positions, remembering that those points separate the angles 
centrally of their lengths ; then, as the angles are divided centrally^ the outline of the blade, 
when laid flat, must be equidistant throughout on each side of the centre line also. Now, 
then, to prove this, which is readily accomplished by using half the length of each angle 
as radii to describe arcs on the lines in the elevation ; with their intersections with the 
vertical centre line as centres ; then a line drawn through these arcs on each side will 
define the flattened form of the blade of equal outline from the centre line of the boss. 

The veracity of this method can be tested also with the diagram, Fig. 20; the 
flattened outline there is purposely unequal ; similarly, also, the outline of the plan 
corresponds, inasmuch that the intersection of each angle with its arc of position is not 
centrally of its length ; and as that intersection is the basis to form each view, the result 
as shown must naturally occur. 

We will compare now the difference in the shapes of the plans of the two blades 
under notice, and, to render the matter concise and easily to be understood, the student 
must imagine that an angle is drawn across each plan near the centre of its outline, which 
we will term the " mean angle." It will be seen that the plan in the Plate 7 is actually 
equidistant on each side of the flange of the boss across the " mean angle *' of its present 
position, which, of course, is due to the duplicate form of the dotted outline of the blade 
in the elevation ; but, on turning to the plan in Fig. 20 a wide difference of overlap is 
seen across the '* mean angle " of position ; for on the right hand the outline of the blade 
extends within the limit of the boss, but on the left it overlaps the same to the required 
extent, much more also proportionately than in the plan in Plate 7 ; of course this 
difference is due to the peculiar outline of the blade in each example, which is uniform in 
one case and irregular in the other. 

While on the present subject it will be well to direct attention to the fact, that the 
elevations and plans of the blades of the propellers under notice relate to the top blades only, 
and that the geometry for the lower or remaining blades is entirely reversed in its applica- 
tion. The student will perhaps comprehend this matter more completely if he turns his 
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attention again to Plate 2, and particularly notices the plans of the top and bottom blades, 
as depicted by the diagram Pig. 8, where it is clearly shown that their positions are 
entirely due to the reverse application of the helices, so that, if with the example in the 
Plate 7, the plan of the bottom blade was required, the mode of producing it would 
result from the constructing triangle being situated exactly opposite, or on the left-hand, 
therefore all the angles of the lines of division would cross those already drawn in a 
contrary direction. 

The front elevation also would be produced simply by a reverse repetition of the out- 
line, for example, this view as at present illustrated shows the leading side of the top blade 
on the left hand ; now if that blade is presumed to be reversed in its position, or the 
propeller turned towards the left hand on its axis for half a revolution, the leading side 
wiU be on the right hand, and the trailing half reversely situated also ; or if the propeller 
were turned towards the right hand the leading side would be on the left, and the trail- 
^i ^dge opposite. So that when drawing the lower blade all that requires to be 
remembered in the main, is that it is the top blade turned downwards. Next, with 
reference to the side elevation of the blade, here it must be distinctly remembered that 
the propeller when turning on its axis causes the blades either to recede or advance, 
above and below the centre of the boss, from and towards the spectator, therefore no 
change of outline either to the right or the left occurs, then under all circumstances the 
same outline presents itself whether the same blade is up or down. 

The peculiar form of the outline of the side elevation of the blade in Plate 7 contrasts 
widely with that in Fig. 8, in Plate 2, and the cause for this is that Mr. Griffiths has 
proved that there are great advantages in inclining the upper half of the blade forward 
which he accoimts for in this manner, '* that when the ship is under way the propeller is 
supplied with water from the after-current, and this ciurent has to be turned from its 
natural course which is to fill up the space or channel that the ship has left and also to 
supply the screw with propelling resistance ; so that when the points of the blades are bent 
towards the ship they meet this current and offer a certain resistance to the power 
employed to work the screw, or what may be termed a greater hUe to propel the ship." 
By looking, then, at the outline under notice, and remembering the preceding remarks we 
shall readily understand that the right-hand side is the leading edge ; which ** curves 
forward " sufficiently, and in strict accordance with the other views to make the areas of 
the spaces on each side of the section to be nearly equal. We can imagine, therefore, 
what the effect of the " lean-to " would be if the example alluded to was revolving, for, as 
the leading edge is particularly formed to invite the currents into the hollow, that portion 
can grasp them more effectually than a straight blade. 

Agreeing as we do with Mr. Bonnie's remarks on page 9 of this work, that ** after all 
the best and most useful information for an engineer is that which relates to the different 
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views and mode of 
construction," we have 
introduced the Fig. 21 
as an example of recent 
construction, for our 
present purpose of 
further describing the 
geometry of the pro- 
peller under notice. 
In this illustration the 
sectional side elevation 
is shown on the left, 
the front view partly 
in section on the right 
with the complete 
plan below it; this 
example of propeller is 
much the same as 
that in Plate 7, the 
principal difference be- 
ing that this, Fig. 21, 
is a "left-hand screw,*' 
while that in Plate 7, 
is "right-hand." The 
present example shows 
both the blades, with 
the relation of them 




Modem Two-bladed Griffiths* Screw-Pfopeller. 
Pig. 21. 



conclusively depicted 
in the sectional side 
elevation; the forward 
side, below the boss, is 
very similar to that 
above the same in 
Plate 7; a family like- 
ness is apparent also 
with the aft edges; 
for in each case the 
same form of outHne 
is nearly represented. 
The front elevation 
shows both blades 
also ; so that our pre- 
vious remarks re- 
specting the alternate 
change of the leading 
and trailing edges are 
clearly illustrated by 
this view — the full 
curve line being on 
the rightr. above the 
boss and on the left- 
hand below it. Re- 
ferring next to the 
plan, the outline of 



the top blade is shown complete, while the extremities of the sides of the bottom blade 
appear only beyond the boss ; particularly noticeable also in this view, is the fact that the 
reverse angles of the blade are faithfully depicted, which strengthens our previous descrip- 
tion of this matter. 

The sectional portion shows the thickness of the blade and the amoimt of " lean-to ;*' 
the boss also is clearly shown, with the "key-ways'* for securing the^boss on the shaft. 
The blades are flanged at the roots, and the flanges are secured to the boss by studs and 
nuts ; the latter are fitted with stop-plates to prevent looseness from the vibration that 
occurs when the propeller is in motion. One of these plates is represented in plan and 
section near the blade above the boss. The arrangement of the bolts can be seen from 
the plan, their position being on each side of the root of the blade. 
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We now direct attention to the mode of producing the plan of the " front surface *' 
of the blade, for our geometrical illustrations to the present have borne special relation to 
the " back surface," or from the back to the lean-to. The advantage of the geometry 
about to be explained, is that when the blade is curved at the back or thinner at the 
edges than in the centre, that surface forms a series of curves in the plan, consequently 
the angles of position must refer to the front surface only. The illustration. Fig. 21, is 
an example of this class; the sections in question being shown across the flattened 
portion of the blade. Now if we look at the plan for the purpose of defining its relation 
with the sectional elevation of the top blade, we shall notice that the lean-to in the latter 
view appears to hide the front surface ; but on returning to the plan it is obvious that a 
portion of that surface must be seen, because the lean-to and the back surface are above 
it towards the left-hand. If we again allude to the cross section we shall readily under- 
stand that as the back portion is curved and the front is straight, or forming chords as 
it were, this latter portion is the better for geometrical purposes, although we may add 
that, by strict allusion to the arcs of positions, for the angles of limit in the plan taken 
respectively from the elevation, the back surface to the lean-to, can be made equally 
available as the limit from the front surface and the lean-to, to show the latter surface 
in plan. 

The student may here again be reminded that the whole question is to be readily 
answered by remembering the geometrical principles, which we have fully explained without 
restriction on any point, but which we will enlarge on for the purpose of exciting further 
interest in the matter under notice. Starting again then, we will assume that it is essential 
to produce the drawing of a propeller of the class before us, whose proportions are precisely 
as those in Plate 7, and that the cross sections of the blade are ftilly curved at the 
back, also perfectly straight at the front, this example being illustrated by Plate 7a. 

The method of producing the several views is to commence with the flattened blade ; 
having formed this outline, the sectional elevation is then drawn with the lean-to agreed 
on, the flange of the blade is then formed in each view, and below this the boss ; then in 
the front elevation where the flattened outline of the blade intersects with the curve of 
the boss is the starting point to draw the lines of division of the length of the blade, 
which distance from the centre of the boss is lettered A ; from the limit of A upwards 
set out B, which is a tangent to the arc forming the boss. Now as the last point is the 
commencement of the vertical section of the blade, it is termed the root as before noticed, 
therefore from the root upwards to the top, the blade can be divided into equal divisions 
as lettered C, D, E, F, G, H, I ; next on each point of division draw horizontal lines 
across the two elevations, which are the base lines of the horizontal sections, the central 
thickness of each being taken from the vertical section, and the thickness at the edges 
from proportions agreed on. Assuming now that all these sections are drawn as depicted 
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they are next numbered 1 to 8, also the divisions in the vertical section, to show their 
relation conclusively. 

We have thus far described the flattened outline, the vertical and horizontal sections, 
and our next advance is to produce the plan to which we now refer. The constructing 
triangle is now utilised, its height being 1 ft. 8 in., and the horizontal length 5 ft., the 
latter being proportionately divided into the same nimiber of spaces as the length of the 
blade, and thus the points for the respective angles are produced, being numbered as in 
the elevations. Next on the centre of the boss describe an arc towards the right-hand 
whose radius is half the thickness of the blade at No. 8 in the vertical section ; then as 
the vertical line of the triangle must be parallel with the vertical centre line of the plan, 
and the angle No. 8 forms a tangent with the arc, it is evident that where the obtuse 
apex intersects with the arc is the position of the triangle. The remainder of the arcs 
are then drawn from radii taken respectively from the vertical section ; the angles are used 
as tangents, and thus the starting points for setting out the outline are produced. The 
limits of the angles are determined from the outline of the flattened blade, and as that 
view is equidistant from its centre line, all the angles are equidistant also from their 
centres, which are the intersections with the arcs of position ; the irregular curve is next 
drawn through the limits of the angles, which concludes the outline of the front surface 
of the blade in the plan. 

We now have to utilise our accomplishment for practical purposes still further, 
which is done in this way. The angle No. 1 in the plan is that of the top edge of 
the blade, or the limit of the lean-to ; hence we draw a similar section as No. 1 in 
the elevation on the respective angle in the plan, which shows thereby the angle and 
section of that portion at once in the same view. Similarly we make use of Nos. 4, 6, 
and 8, which portrays the angles of those sections in the most correct form ; not only 
separately but respectively also. 

We know now the angles of each section of the blade that we have delineated in plan, 
and we know too that these angles bear special reference to the elevations — ^not only to 
the flattened outline, but also to the vertical section — so that really we have the plan of 
the blade at four points, which is produced by geometry of the simplest order. 

As we are dealing in particular with the surface of the front of the blade, it will not 
be out of place to describe how to produce the front and side elevations from the plan, to 
correspond with it; and thus we shall illustrate the relative outlines as they actually 
agree with each other. Commencing, then, with the front elevation, we puoject the limits 
of the angles on to the respective lines of division, and through these intersections the 
outline of the blade is drawn, which forms the view in question. To better enable the 
matter of projection to be ftilly understood, for all purposes, we have drawn another plan 
of the blade underneath the side elevation, which in that special position refers entirely to 
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that view ; the proceeding, therefore, is as that previous, being merely ; projecting the limits 
of the angles on to the lines of division and drawing the outline as depicted. 

The advantage to be derived from the present matter is, that by a combination with 
the illustrations in Plate 7, and the descriptive matter attending it, a definite represen- 
tation of the blade can be known under any circimistances. For example, in Plate 7 we 
have the outline, correct, of the back surface ; in Plate 7a we have similar views of the 
front surface, so that by at once utihsing both, if required, two views of two surfaces can 
be shown at the same time. 

We next branch off to another subject which bears a firm relation to all our preceding 
remarks and illustrations, i.e. the length of the blade on the line of keel and the 
geometrical result affecting it by altering the angle or pitch of the blade. Now the first 
step is to decide at what position of the length of the blade the constructing pitch shall 
be altered into the varying pitch, either coarser or finer, as agreed on ; for it must be 
remembered that the actual form of the blade is not affected in any way by the alteration of 
its position, so that if the blade is set at a known angle for a certain pitch, excepting 
the constructing pitch, that angle bears relation to the pitch of one position only on the 
length of the blade, and not therefore to the whole length or surface of it, which the 
constructing pitch and angle embraces. 

As an example, let it be assumed that a propeller is constructed at 16 fb. pitch from 
the root to the tip, and that the two variable pitches extend from and to 12 ft. and 20 ft. 
— extreme proportions, but particularly adapted for the present purpose. Obviously, the 
angles of the top edge and the root of the blade are relatively unalterable, therefore if the 
blade is set at any other angle than that for the mean or constructing pitch, only one portion 
of the blade will agree with the pitch it is set at. Suppose, then, that the mean length of 
the blade on the line of keel is 2 ft. 3 in., the distance between the angles of the root and tip 
will be about 11 in., and these are fixed dimensions it must be remembered. It is agreed 
next that the top edge of the blade shall be set at the 12ft. pitch, or relative angle ; the 
result will be that although the top edge is at the pitch required, from that point the 
pitch is decreasing^ and at the root it is considerably less than at the top ; because both 
limits are moved and secured in the same direction. Next assume that the same blade is 
set at the 20 ft. pitch for the top edge ; it will be apparent that as the blade is shifted in 
an opposite direction to that previously, the pitch at the root is considerably more than 
that at the top. 

We have, therefore, proved from these conclusions that if it is desirable to have a 
mean difference of the pitch throughout the blade, when the top edge is set at the least or 
greatest pitch, its form must not he si, portion of a true screw, but must be constructed 
from a series of pitches, the greatest being at the root ; so that when the blade is set at 
the mean pitch a corresponding difference occurs, as in the other positions. This may be 
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termed an uniform arrangement, but as to its action in the water we need not allude to it 
for the present. 

Treating now of the length of the blade on the line of keel, we know that if a blade is 
set at 16 ft. pitch, and is of a certain form, its length is 2 ft. 3 in. ; we know, also, that if 
the same blade were set at 20 ft. pitch its length will be increased to 2 ft. 7 in. ; and when 
set at 12 ft. pitch the length will be reduced to 2 ft., so that the side elevation of the same 
blade will depend entirely on the angle it is set at in the plan. 

It is obvious from the above proportions that when the blade is turned or shifted on 
the axis of its flange towards the centre line of the boss, which is at right angles with the 
keel, the pitch of the screw is reduced and likewise the length of the blade on the line of 
keel. It is apparent also that by turning the blade in the opposite direction, or from the 
same centre line of the boss, an opposite result will occur — the pitch will be increased^ and 
similarly the length of the blade will be affected. 

Having thus settled all the matters in connexion with the geometry of the screw- 
propeller of any kind, we now direct attention to the following axioms on which the entire 
subject is based. 

1st. The geometrical basis of the principle of the screw-propeller is that it is a right- 
angle triangle whose base line is equal to the circumference of the screw, its height the 
pitch and the hypothenuse the lineal length of the helical line. 

2nd, That the -y/ pitch * + the circumference *=the length of the helix of the screw 
— a matter admitted to be of universal knowledge but not of similar appreciation in 
connexion with the use of the screw-propeller. 

3rd. The height, length, and hypothenuse of the triangle are in proportional unity 
with each other, although each are separate ftmctions of the screw. 

4th. As the height is the pitch, if any portion of the pitch is dispensed with, the 
height of the triangle is reduced accordingly, likewise the length, but the angle of the 
hypothenuse remains as before. 

5th. The lesser triangle alluded to is termed the "constructing** triangle, and 
any other angles joining the horizontal line and the obtuse apex will be those of the sec- 
tions of the blade at respective points on its length. 

6th. The helices of any portion of the blade are precisely at the same angle for a 
certain length as the respective angle of the constructing triangle ; the utility of the latter 
therefore dispenses with the formation of the former to produce the plan as shown in 
Plate 7. 

7th. Any divisional lines on the length of the blade can be utilised in the plan and on 
the horizontal line of the constructing triangle, but in strict proportion as to position and 
dimension. 

8th. The application of the triangle to produce the plan must be in connexion with 
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arcs of position whose radii are taken from the side sectional elevation of the blade, and 
the centre that of the boss. 

9th. The intersections of the angles and arcs are the starting points to define the 
limit of the angles. 

10th. The length of each angle on each side of its intersection is taken from the flat- 
tened form of the blade, or it can be squared from either of the complete elevations 
of the blade, provided the form is in unity with the flattened shape. 

11th. For practical purposes the plan of the front surface of the blade should always 
be drawn from the flattened form of that surface, and the thickness of each section can be 
used to produce the plan of the back surface if desirable, also the complete elevations will 
be thus correctly shown as both surfaces are depicted. 

12th. The area of the blade can be known from the constructing triangle, when the 
length of each angle is determined ; as many angles as convenient can be used, and from 
them the mean width obtained, which multiplied by the length from the root to the tip 
equals the area required. 
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CHAPTER \T. 

the geometry op the paddle-wheel.* 

By Mb. Charles Barclay, 
OF THE Firm op Messrs. James Watt and Co. 

THE annexed diagram, E, shows the curve traced out by a point on the circumference of 
a circle revolving on a plane. The point leaves the plane at A and reaches it again 
at B. A B is equal to the circumference of the circle. This curve is called a cycloid. 

A somewhat similar curve is traced out, shown by the diagram F, by each of the 
floats of a paddle-wheel, the only difference arising from the fact that the wheel is revolv- 
ing in a fluid instead of on a plane, the inefficient resistance offered by the water causing 
a certain loss of speed to the distance traversed by the centre of the wheel. This loss 
of speed is called slip. The curve may be understood better by this annexed diagram, F, 
which has been constructed as follows. 

A wheel of the ordinary radial description having a diameter of 18 feet and 16 floats, 
one of whose floats is at A when the centre of the wheel is at 0, is made to revolve in 
water. 

Presimiing there was no slip, at the end of a complete revolution, the float at 
A' would have arrived at C where A C is equal to the circumference of a circle whose 
diameter is 18 feet, and 0' (= A C) would represent the advance of the centre of the 
wheel during the period of a revolution, or the advance of the vessel which is propelled 
by it. In consequence, however, of the slip which always occurs, and which in this 
example has been taken equal to 20 per cent., at the end of a revolution the float which 
conmienced at A' has only arrived at B', and the centre of the wheel at 0". The path 

* As this subject may appear a little out of place in this work, I may state that the cause for its introdnctioii 
is that in no other work to the present has such an explanation of the matter been given, and it was for this reascm 
Mr. Barclay kindly contributed this article and diagrams to supply the much-wanted information for the benefit of 
the profession. — N. P. B. 
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traced out by the float is represented by the curve A' Pb P© Pq B', which is thus 

constructed : divide 0" in any number of equal portions, sixteen in this example, 

viz. O Ob = Ob Oc= Oe Od= = Op Oq = Oq 0"; and from the points Ob Oe . . . 

Op O, as centres describe circles with a diameter equal to the diameter of the wheel. 

The circles are represented by the dotted lines Db Pbj Do P©, . . , . ., Dp Pp, D, Pq. 
Divide the circumference of one of these equal circles into sixteen equal segments, of 
which Db Pb will represent one, or a sixteenth part of the circumference, and mark on the 
circle whose centre is Ob a segment equal to Db Pb, and on the circle whose centre is Oo a 
segment equal to twice Db Pb or De Pc and so on, so that Dp Pp = 14 Db Pb, D^ P, = 1 5 
Db Pb ; Pb Po • • • • Pq Pq represents the position of the float when the centre of the 

wheel is at Ob Oq Op Oq, A line passing through these points A'. Pb. P©. . . . 

P, . B' represents the path of the outer edge of the float ; if the curve traced out by the 
next revolution of the float be drawn, viz. B' P, P. the slip of it in its passage through 
the water will be represented by the loop Po Pp B' P, P.. The slip of the preceding 
floats are shown by the loops traced out at points Db . Do . Da, &c. This diagram also 
shows the position of the float and the angle it makes with its path at difierent periods of 
the revolution. 

A dotted line is also drawn showing the curve traced out by the inner edge of the 
float, which has scarcely any slip, only that represented by the very small loop at E. 

A diagram, G, also of a paddle-wheel with feathering floats is annexed, where the 
sKp was 21 per cent. This is taken from an experiment were the duty was purposely 
recorded. This diagram is constructed in precisely a similar way as in the example of 
the radial wheel, without the addition of the dotted lines, so as to make it clearer. 

It may not be out of place to state that the object of a feathering wheel is to cause 
the floats to enter the water nearly vertically, while preserving the vertical position of the 
float at its lowest point, as in the radial wheel. 
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CHAPTER VII. 

a dbsceiption of modern scbew-peopellers constructed by the most eminent marine 

engineers op england and scotland. 

By N. p. Burgh. 

INTRODUCTION. — There is undoubtedly a great deal of practical information in 
mechanics to be derived from examples of actual construction which are rendered by 
their eflfective duty standards of references. As to the principle of this it applies to 
every class of mechanism ; for when the result of the duty is known, be it good or bad, 
the detail or machine is considered an example of importance, as a reference, either to copy 
or avoid as the case applies. Much benefit is to be gained also by consulting a number 
of examples of the machine or detail where each is performing the same purpose under 
different modes of application; but the results nearly alike. In a contrary way the 
engineer gathers information from unequal results of duty, although the class and position 
of the mechanism may have been as before stated. 

As applied mechanics are really but the application of detail for certain purposes, our 
previous remarks refer also to screw-propellers ; and the force of our argument is strength- 
ened by the fact that to the present no two sister ships, stated to be duplicates, attain the 
same speed. From this fact we are naturally doubtful about our actual knowledge of the 
subject, for it occurs — that, if we have two hulls, two sets of engines, boilers, and 
propellers, weights on board, and immersion, duplicates, yet, after all these precautions^ 
we find that the speeds of the ships are different^ when really that result was the inaiii 
purpose we wished to avoid, we have therefore the evidence of a mistake somewhere ; 
for, in our endeavour to cause an equal result, we miss the mark. Now there is 
not the same difficulty in making the actual speed in advance of the estimated speed ; 
for we have only to arrange certain matters in connexion with the formulae, and the 
result is readily acquired for a single example ; but when we have a duplication to deal 
with, and the formuto the same, our failings are apparent. The fault on our part is not 



Digitized by 



Googt( 



A DESCRIPTION OF MODERN SCREW-PROPELLERS. 



73 



that we do not produce the required speed for one hull, but that we do not produce the 
same speed for two, three, or more hulls of the same form and tonnage. Neither do we 
understand exactly all we should, about the form of the screw and the number of the blades 
best applicable for a certain hull ; indeed, so far is this certain that within the last few 
years anecdotes of a curious and amusing turn have been related on this subject ; one is, 
that lately a screw steamer, homeward bound, knocked off one of the blades of her screw ; 
on putting into the nearest port for repair, it was discovered that there was no means for 
repair within too great a distance for the purpose. The ship's carpenter's abilities were 
called into aid by the captain as a last resource, in the shape of making a wooden blade 
of duplicate form with the original ; but as it had to fit into the seat of the metal one, it 
could not be larger at the root, and was therefore of lesser strength throughout. This 
feict, of course, was sufficient to condenm the affair in the minds of the engineers of the 
ship/ who knew something of the strains capable of being resisted by materials ; " for if 
the metal was of the right proportion for strength, of what use could the wood be ?" said 
they. It happened, however, that the ship was propelled with the compoimd blades at the 
rate of a knot and a half per hour more than before, with the same number of revolutions. 
Another mysterious fact is related that, in several instances, by the loss of a blade or a 
portion of either, a greater speed for the hull has resulted after than before the accident. 

In all our late scientific discussions on screw-propulsion it has been acknowledged by 
several authorities that there is more to be learnt, more to be accomplished, and 
therefore more energy to be applied in the solution of the problem before us. To attain 
this we must not forget, in any instance, "what has been done;" we must be posted up 
in the latest and best examples, and, as the best means of assistance, those examples are 
herein introduced for the benefit of the profession. What they consist of in the main are 
three classes — ^the "common," "Griffiths'," and the "Mangin." The common screw 
derives its name from the fact that it is the most simple to construct, being, indeed, but a 
portion of the helix of a complete screw, or, in principle, as the examples geometrically 
considered in Plates 2 and 5. It has another feature, also, which must not be overlooked. 
I.e., the blade is of the same pitch throughout its length, or from the root to the tip ; and 
that the plan, side, and end views in their natural form are sharp-cornered at the widest 
extremities. The present practice is to alter the natural outline of the blade by curving 
back the leading edge considerably, and slightly roimding off the trailing comer. 

The number of blades used with the common screw was only two for some time, but 
within the last three or four years screws of this class have had three, four, and six 
blades, but only in one or two instances have five blades been adopted. 

The lineal section of the blades has been straight as a rule, at right angles with the 
longitudinal centre line of the boss ; but in some cases the sections have leaned forward and 
backward from the boss, according to the taste and opinion of the designer, 
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Next the Griffiths* screw was introduced, and is now largely adopted, principally in 
the navy. The peculiarity in this propeller is that its form is a direct contradiction of 
that of the common screw, while the final result of the duty of both are nearly equal. 
The Griffiths' screw has a large boss ; the form of the blade is widest about the midway of 
its length, decreasing slightly at the boss, and narrowest at the tip, or top edge. The 
hneal section of the blade is curved towards the bow, the curve being commonly termed 
the "lean-to forward." This propeller has only two blades generally, but in some 
instances three, while occasionally four blades have been adopted. 

The geometry of this propeller has often been held up as something mysterious. We 
have, however, explained and illustrated the matter fully from page 49 to page 69, so that 
the student can understand it clearly. We may add, that in the work on " Modem 
Marine Engineering" an illustration of it first appeared. 

The Mangin example now has to be explained ; this propeller has been geometrically 
treated in Plate 6 ; in page 36 the explanation has been given. The main feature in it is 
that by an uneven pitch a certain advantage in the matter of propulsion is attained ; and, 
indeed, so far is this deemed possible by the inventor, that he has introduced two double- 
bladed screws with imeven pitches in advance of each other on the same boss. This 
position for two screws, however, is not due to him entirely, for it had been used for the 
common screw also for some time previously. 

We now direct attention to the illustrations and particulars of the most modem 
examples of screw-propellers, by the most eminent makers in England and Scotland. 
The drawings are prepared with care from the working drawings which have been lent by 
the constructors for the purpose ; they are, therefore, of equal value as the originals, and 
become at once of use as a guide to the engineer and instructive to the student. 

Common Sceew-peopellee, by Messes. James Watt and Co. — Plate 8. — This example 
is practically illustrated in three views : the side elevation shows the boss in section, also 
the blades ; which explains, too, the relative thickness of each portion ; the end elevation 
is projected from the plan below it, and corresponds also with the first view. The class 
of this propeller is termed, not only " common," but " duplicate'* also, in relation 
particularly to the form of the blade, which is equidistant on each side of the centre line 
in all the views. The diameter of the boss in relation to that of the screw is somewhat 
smaller than generally adopted, but illustrates the TniTn'mnTn amount of metal that is 
requisite for sufficient strength aroimd the shaft. The boss is secured on the shaft by a 
lateral key passing through both. 

This type of propeller has been used to " overhang" from the forward bearing, as 
well as being supported fore and'istft with a lifting frame. An example of the latter 
arrangement was fitted by Messrs. Watt to Her Majesty's troop-ship Simoon^ and as the 
lifting frame is of a novel character we will explain it. The peculiarity lies in the 
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mechanical means for raising and lowering the frame and propeller, being that the fore 
and aft vertical sides of the frame have teeth on the back ribs. These teeth are 1^ in. 
pitch, and commence at a point 1ft. 3 in. from the centre of the bearing of the shaft, 
extending therefrom to a height of 8 ft. The cross frame joining the side frames is 
situated at a distance of 8 ft. 10 in. from the centre of the shaft. On each side of the 
vertical frames are worms or short screws 7 in. diameter, the threads being pitched to gear 
with the teeth on the frames. The shafts of the screws are supported in suitable 
bearings secured to the hull, they are 3^ in. in diameter and 12 ft. 8 in. long, extending 
to the deck of the ship. 

At a height of ^ ft. 2 in. from the worms in gear with the frame teeth are similar 
worms keyed on the shafts, their use being to gear with the frame when it reaches those 
points on rising, and also acting as guides at the same time. The vertical distance 
between the centres of these worms or screws is 7 ft. 11 in., and the lift of the propeller is 
11 ft. 7 in. It is obvious that the mechanical operation is, that by turning the worms 
around suitably in either direction the frame is raised and lowered. 

" Mangin Screw," Consteucted by Messrs. Humphreys and Tennant. Plate 9. — 
The main features in this propeller are that the blades are of an uneven pitch and are 
situated in advance of each other. The end elevation of the blades forms a striking 
contrast with the side view : as in the former view, the blade is narrower at the boss than 
beyond, but in the latter this form is reversed. The flattened shape of the blade shows that 
it is parallel from the top for a certain depth, and from that point is straight at an angle 
on onei side and curved inwards opposite. The plan shows the four blades as they would 
appear when situated either vertical or horizontal. The boss is secured on the shaft by 
two longitudinal keys ; the shaft being shghtly conical and the boss formed to correspond. 
The connexion of the two pitches on the blade is at one-fourth of the full width, 
starting from the leading edge. The length of the blade on the line of keel at the 
various points of change of shape are thus : at the top the length is 12 in., at the 
parallel width it is 17 in., and at the connexion with the boss it is 21 in., which gives 
a mean width of 16'66 in. 

Besides H.M.S. Favourite^ this class of propeller has been fitted by different makers 
to other ships; for instance, the Bullfinch^ has this type of propeller fitted to her, alluded 
to by Mr. Rennie in page 17 of this work, and illustrated there by the accompanying 
plate. 

On February 20th, 1868, Her Majesty's corvette Blanche was put through her official 
trial of speed, being fitted with a " Mangin" screw-propeller : the diameter is 14 ft. 7 in. ; 
the pitch of the leading portion of the blade is 15 ft. 7 in., and that of the following 
portion 17 ft. ; the mean length of the blade on the line of keel being 12 in. These 
proportions gave a result of speed of 13*631 knots per hour for the ship, the screw 
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Askiiij^ *H%i rerohitirmB per mmate with full boiler power ; wliile with half boiler power 
A Mpt.^ f/f 1 1'78 knot^ per hour was attained* 

TImj fMdsd report al«o states that the action of the " Mangin" screw driven with 
f«n power WM accompanied by the heavy thumping action npon the stem of the ship, 
imimdiMiely over the screw at each revolution, that was so marked a feature in the 
ribratirjrjr action attending the working of this screw in the experimental trials made 
with it irj (y/iojx/tition with other screws in the trials made some five or six years since 
with Ihe Sfumwn frigate. 

Ajiother type of Mangin screw of recent introduction is illustrated by Fig. 22, 




Sectional Elevation. End Elevation. 

Modern 4-Bladed " Mangin " Screw-propeller. 
Fig. 22. 



Side Elevation. 



This propeller has four blades directly opposite each other, and secured to the boss 
by Himln only; the advantage from this connexion being of a twofold character; that 
ill tlio event of a fracture of a blade when cast with the boss, the entire propeller 
has to bo replaced ; but if the blade were secured to the boss a new blade only is re- 
fiuirefl. Tlio other portion of the advantage is that when the blade is a fixture on the 
1kikk» \\w pitoh is unalterable, but when it is separate, it can be adjusted at any angle and 
iliuH secured to the boss. The connexion of the blade in this case is a flange, with a 
fitting ri)> inside ; the stud-holes are oval — as shown by the large section above the boss 
l>otweun the two upper blades. The studs are the ordinary kind with hexagonal heads, 
4Mid are prevented from looseness — ^when screwed up — ^by stop plates as shown in the view, 
the plates being secured by studs of a lesser diameter. The boss, it will be noticed, is 
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CHAPTER VII. 

a dbsceiption of modern 8cbew-pr0pellebs constructed by the most eminent marinb 

engineers op england and scotland. 

By N. p. Burgh. 

INTRODUCTION. — There is undoubtedly a great deal of practical information in 
mechanics to be derived from examples of actual construction which are rendered by 
their effective duty standards of references. As to the principle of this it applies to 
every class of mechanism ; for when the result of the duty is known, be it good or bad, 
the detail or machine is considered an example of importance, as a reference, either to copy 
or avoid as the case applies. Much benefit is to be gained also by consulting a number 
of examples of the machine or detail where each is performing the same purpose under 
different modes of apphcation; but the results nearly alike. In a contrary way the 
engineer gathers information from imequal results of duty, although the class and position 
of the mechanism may have been as before stated. 

As applied mechanics are really but the application of detail for certain purposes, our 
previous remarks refer also to screw-propellers ; and the force of our argument is strength- 
ened by the fact that to the present no two sister ships, stated to be duplicates, attain the 
same speed. From this fact we are naturally doubtful about our actual knowledge of the 
subject, for it occurs — that, if we have two hulls, two sets of engines, boilers, and 
propellers, weights on board, and immersion, duphcates, yet, after all these precautions, 
we find that the speeds of the ships are different^ when really that result was the main 
purpose we wished to avoid, we have therefore the evidence of a mistake somewhere ; 
for, in our endeavour to cause an equal result, we miss the mark. Now there is 
not the same difficulty in making the actual speed in advance of the estimated speed ; 
for we have only to arrange certain matters in connexion with the formulae, and the 
result is readily acquired for a single example ; but when we have a duplication to deal 
with, and the formulsd the same, our faiUngs are apparent. The fault on our part is not 
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that we do not produce the required speed for one hull, but that we do not produce the 
same speed for two, three, or more hulls of the same form and tonnage. Neither do we 
understand exactly all we should, about the form of the screw and the number of the blades 
best applicable for a certain hull ; indeed, so far is this certain that within the last few 
years anecdotes of a curious and amusing turn have been related on this subject ; one is, 
that lately a screw steamer, homeward bound, knocked off one of the blades of her screw ; 
on putting into the nearest port for repair, it was discovered that there was no means for 
repair within too great a distance for the purpose. The ship's carpenter's abilities were 
called into aid by the captain as a last resource, in the shape of making a wooden blade 
of duplicate form with the original ; but as it had to fit into the seat of the metal one, it 
could not be larger at the root, and was therefore of lesser strength throughout. This 
feet, of course, was sufficient to condemn the affair in the minds of the engineers of the 
ship/ who knew something of the strains capable of being resisted by materials ; " for if 
the metal was of the right proportion for strength, of what use could the wood be ?" said 
they. It happened, however, that the ship was propelled with the compoimd blades at the 
rate of a knot and a half per hour more than before, with the same nimiber of revolutions. 
Another mysterious fact is related that, in several instances, by the loss of a blade or a 
portion of either, a greater speed for the hull has resulted after than before the accident. 

In all our late scientific discussions on screw-propulsion it has been acknowledged by 
several authorities that there is more to be learnt, more to be accomplished, and 
therefore more energy to be applied in the solution of the problem before us. To attain 
this we must not forget, in any instance, "what has been done;" we must be posted up 
in the latest and best examples, and, as the best means of assistance, those examples are 
herein introduced for the benefit of the profession. What they consist of in the main are 
three classes — ^the "common," "Griffiths'," and the "Mangin." The common screw 
derives its name from the fact that it is the most simple to construct, being, indeed, but a 
portion of the helix of a complete screw, or, in principle, as the examples geometrically 
considered in Plates 2 and 5. It has another feature, also, which must not be overlooked, 
1.^., the blade is of the same pitch throughout its length, or from the root to the tip ; and 
that the plan, side, and end views in their natural form are sharp-cornered at the widest 
extremities. The present practice is to alter the natural outline of the blade by curving 
back the leading edge considerably, and slightly roimding off the trailing comer. 

The number of blades used with the common screw was only two for some time, but 
within the last three or four years screws of this class have had three, four, and six 
blades, but only in one or two instances have five blades been adopted. 

The lineal section of the. blades has been straight as a rule, at right angles with the 
longitudinal centre line of the boss ; but in some cases the sections have leaned forward and 
backward from the boss, according to the taste and opinion of the designer, 
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The next feature to be noticed in this example of propeller is that it is suspended in 
bearirigs fore and aft, the gudgeons being cast or formed with the boss with a " cheese" 
coupling at the forward end ; this is known as the " lifting*' type, and the firame is often 
t^?rmed the " banjo " frame, because the end views of the fore-and-aft bearings resemble 
that instroment in outline. As the frame is not shown in the plate, we iUnstratean 
example of it and the propeller in position by Fig. 23. 




Forwftrd Side Frame. Sectional Eleration and Plan. Aft Side Frame. 

Griffiths* Screw-Propeller and Lifting Frame by Messrs. Penn. 

Fig, 23. 

The sectional elevation shows the propeller boss and the gadgeons ; the bearings 
also with the lignum-vitaB strips ; the transverse sections of these bearings and their 
end views can be understood from the other views of the fore and aft frames. 
The bearings proper and the suspending portions are connected by bolts and nuts, and 
the two guide lugs projecting below to fit into the stem and rudder-post brackets 
respectively. 

Directly over the propeller and the bearings is the complete plan of the cross-piece 
connecting the frames, showing also the fittings within it ; above this the sectional elevation 
of the framing is completed, with the other views of the fittings. The rope-pulleys are 
shown in both cases, also in the sectional portion of the forward side frame. 
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mechanical means for raising and lowering the frame and propeller, being that the fore 
and aft vertical sides of the frame have teeth on the back ribs. These teeth are 1^ in. 
pitch, and conmience at a point 1 ft. 3 in. from the centre of the bearing of the shaft, 
extending' therefrom to a height of 8 ft. The cross frame joining the side frames is 
situated at a distance of 8 ft. 10 in. from the centre of the shaft. On each side of the 
vertical frames are worms or short screws 7 in. diameter, the threads being pitched to gear 
with the teeth on the frames. The shafts of the screws are supported in suitable 
bearings secured to the hull, they are 3^ in. in diameter and 12 ft. 8 in. long, extending 
to the deck of the ship. 

At a height of "7 ft. 2 in. from the worms in gear with the frame teeth are similar 
worms keyed on the shafts, their use being to gear with the frame when it reaches those 
points on rising, and also acting as guides at the same time. The vertical distance 
between the centres of these worms or screws is 7 ft. 11 in., and the lift of the propeller is 
11 ft. 7 in. It is obvious that the mechanical operation is, that by turning the worms 
around suitably in either direction the frame is raised and lowered. 

" Mangin Screw," Constructed by Messrs. Humphreys and Tennant. Plate 9. — 
The main features in this propeller are that the blades are of an uneven pitch and are 
situated in advance of each other. The end elevation of the blades forms a striking 
contrast with the side view : as in the former view, the blade is narrower at the boss than 
beyond, but in the latter this form is reversed. The flattened shape of the blade shows that 
it is parallel from the top for a certain depth, and from that point is straight at an angle 
on one side and curved inwards opposite. The plan shows the four blades as they would 
appear when situated either vertical or horizontal. The boss is secured on the shaft by 
two longitudinal keys ; the shaft being slightly conical and the boss formed to correspond. 
The connexion of the two pitches on the blade is at one-fourth of the full width, 
starting from the leading edge. The length of the blade on the line of keel at the 
various points of change of shape are thus : at the top the length is 12 in., at the 
parallel width it is 17 in., and at the connexion with the boss it is 21 in., which gives 
a mean width of 16*66 in. 

Besides H.M.S. Favourite^ this class of propeller has been fitted by different nwikers 
to other ships; for instance, the Bullfinch^ has this type of propeller fitted to her, alluded 
to by Mr. Rennie in page 17 of this work, and illustrated there by the accompanying 
plate. 

On February 20th, 1868, Her Majesty's corvette Blanche waa put through her ofiBcial 
trial of speed, being fitted with a " Mangin*' screw-propeller : the diameter is 14 ft. 7 in. ; 
the pitch of the leading portion of the blade is 15 ft. 7 in., and that of the following 
portion 17 ft. ; the mean length of the blade on the line of keel being 12 in. These 
proportions gave a result of speed of 13-631 knots per hour for the ship, the screw 
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making 88' 5 revolutions per minute with full boiler power j wliile with half boiler power 
a speed of 11-78 knots per hour was attained. 

The official report also states that the action of the " Mangin'* screw driven with 
full power was accompanied by the heavy thumping action upon the stem ot the ship, 
immediately over the screw at each revolution, that was so marked a feature in the 
vibratory action attending the working of this screw in the experimental trials made 
with it in competition with other screws in the trials made some five or six years since 
with the Shannon frigate. 

Another type of Mangin screw of recent introduction is illustrated by Fig. 22. 




Sectional Eleyation. End Elevation. 

Modern 4-Bladed " Mangin " Screw-propeller. 
Fig. 22. 



Side Eleyation. 



This propeller has four blades directly opposite each other, and secured to the boss 
by studs only ; the advantage from this connexion being of a twofold character ; that 
in the event of a fracture of a blade when cast with the boss, the entire propeller 
has to be replaced ; but if the blade were secured to the boss a new blade only is re- 
quired. The other portion of the advantage is that when the blade is a fixture on the 
boss, the pitch is unalterable, but when it is separate, it can be adjusted at any angle and 
thus secured to the boss. The connexion of the blade in this case is a flange, with a 
fitting rib inside ; the stud-holes are oval — as shown by the large section above the boss 
between the two upper blades. The studs are the ordinary kind with hexagonal heads, 
and are prevented from looseness — when screwed up — ^by stop plates as shown in the view, 
the plates being secured by studs of a lesser diameter. The boss, it will be noticed, is 
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square with the comers cut off beyond the flanges — ^this is shown distinctly in the end and 
side elevations. The sectional plan of the boss is between these two views, the blades 
being omitted. The sectional elevation is a transverse section of the boss and a vertical 
section of one blade : in this view the connexion of the blade is seen, and as each are 
duplicates only one is depicted. Between this view and the end elevation is a plan and 
side view of one of the keys and nuts for securing the boss on the shaft. The apphcation 
of these keys is shown in the sections ; it being that the boss is secured by the keys pass- 
ing through projections in the boss, and lateral channels cut in the shaft opposite each 
other ; the nuts prevent the keys from slipping, and when the blades are connected the 
whole affair is hidden as shown by the complete views. 

The " Mangin" portion of this example of propeller is shown in the end elevation ; 
which is the plan also of one blade of two pitches. 

The geometry of this form is shown in Plate 6, and described in page 36 ; the present 
illustration also is on page 37, and on page 38 it is stated that it would be again intro- 
duced in this chapter. 

Propellers of this type and form have not until very lately been introduced in the 
navy, but for the merchant service they have had a fair trial with good results. 

The Geifpiths' Sceew-Peopelleb by Messes. John Penn and Son. PlIte 10. — 
The illustrations in this plate represent the sections of the boss in three views and that of 
the blades in two views. The complete portion relates to the blades and half of the boss 
only. The flattened outline of the blade is shown above and below the boss in the end 
elevation ; whUe in the side view the forward and aft sides of the blades are seen ; in 
this view also the vertical section of the blade is depicted showing the amount of lean-to. 
This propeller has the advantage of having the blades separate from the boss, so that, as 
we stated before, in the event of a fracture or requiring adjustment, the blade can be 
replaced or suitably secured. The method adopted for securing the blade is two-fold in 
its mechanical contrivance, being by a key, also bolts and nuts. The keys are secured at 
each end by double nuts ; spaces in the boss are formed not only to receive the keys but 
also the stop or adjusting wedges ; these wedges are prevented from slipping out by cross 
pieces or caps through which the round portions of the key passes. This will be fully 
understood by noticing the sectional plan, also the side views of the detail, which is shown 
in the sectional portion of the end elevation. 

The plan of the blade is represented in dotted lines, showing thereby the position of 
the blade when set at the mean or constructing pitch, therefore the thickness of the 
wedges is equal throughout. Now, if it were required to adjust the blade suitably for a 
greater or lesser pitch, these wedges now in place would have to be replaced by others of 
unequal but appropriate thickness and thinness, and when all were fixed the key would be 
askew, instead of central, as illustrated. 
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The next feature to be noticed in this example of propeller is that it is suspended in 
bearings fore and aft, the gudgeons being cast or formed with the boss with a " cheese" 
coupling at the forward end ; this is known as the " lifting" type, and the frame is oft«n 
termed the " banjo " frame, because the end views of the fore-and-aft bearings resemble 
that instrument in outline. As the frame is not shown in the plate, we illustrate an 
example of it and the propeller in position by Fig. 23. 




Forward Side Frame. Sectional Eleyation and Plan. Aft Side Frame. 

GriflSths' Screw-Propeller and Lifting Frame by Messre. Penn. 

Fig. 23. 

The sectional elevation shows the propeller boss and the gudgeons ; the bearings 
also with the lignimi-vitaB strips ; the transverse sections of these bearings and their 
end views can be understood from the other views of the fore and aft fi^ames. 
The bearings proper and the suspending portions are connected by bolts and nuts, and 
the two guide lugs projecting below to fit into the stem and rudder-post brackets 
respectively. 

Directly over the propeller and the bearings is the complete plan of the cross-piece 
connecting the frames, showing also the fittings within it ; above this the sectional elevation 
of the framing is completed, with the other views of the fittings. The rope-pulleys are 
shown in both cases, also in the sectional portion of the forward side frame. 
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mechanical means for raising and lowering the frame and propeller, being that the fore 
and aft vertical sides of the frame have teeth on the back ribs. These teeth are 1^ in. 
pitch, and commence at a point 1 ft. 3 in. from the centre of the bearing of the shaft, 
extending therefrom to a height of 8 ft. The cross frame joining the side frames is 
situated at a distance of 8 ft. 10 in. from the centre of the shaft. On each side of the 
vertical frames are worms or short screws 7 in. diameter, the threads being pitched to gear 
with the teeth on the frames. The shafts of the screws are supported in suitable 
bearings secured to the hull, they are 3^ in. in diameter and 12 ft. 8 in. long, extending 
to the deck of the ship. 

At a height of "7 ft. 2 in. from the worms in gear with the frame teeth are similar 
worms keyed on the shafts, their use being to gear with the frame when it reaches those 
points on rising, and also acting as guides at the same time. The vertical distance 
between the centres of these worms or screws is 7 ft. 11 in., and the lift of the propeller is 
11 ft. 7 in. It is obvious that the mechanical operation is, that by turning the worms 
around suitably in either direction the frame is raised and lowered. 

" Mangin Screw," Constructed by Messrs. Humphreys and Tennant. Plate 9. — 
The main features in this propeller are that the blades are of an uneven pitch and are 
situated in advance of each other. The end elevation of the blades forms a striking 
contrast with the side view : as in the former view, the blade is narrower at the boss than 
beyond, but in the latter this form is reversed. The flattened shape of the blade shows that 
it is parallel from the top for a certain depth, and from that point is straight at an angle 
on one side and curved inwards opposite. The plan shows the four blades as they would 
appear when situated either vertical or horizontal. The boss is secured on the shaft by 
two longitudinal keys ; the shaft being slightly conical and the boss formed to correspond. 
The connexion of the two pitches on the blade is at one-fourth of the full width, 
starting from the leading edge. The length of the blade on the line of keel at the 
various points of change of shape are thus : at the top the length is 12 in., at the 
parallel width it is 17 in., and at the connexion with the boss it is 21 in., which gives 
a mean width of 16*66 in. 

Besides H.M.S. Favourite^ this class of propeller has been fitted by different nwikers 
to other ships; for instance, the BuU/inch, has this type of propeller fitted to her, alluded 
to by Mr. Rennie in page 17 of this work, and illustrated there by the accompanying 
plate. 

On February 20th, 1868, Her Majesty's corvette Blanche was put through her ofiBcial 
trial of speed, being fitted with a " Mangin" screw-propeller : the diameter is 14 ft. 7 in. ; 
the pitch of the leading portion of the blade is 15 ft. 7 in., and that of the following 
portion 17ft.; the mean length of the blade on the line of keel being 12 in. These 
proportions gave a result of speed of 13-631 knots per hour for the ship, the screw 
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making 88'5 revolutions per minute with full boiler power ; wliile with half boiler power 
a speed of 11*78 knots per hour was attained. 

The official report also states that the action of the "Mangin** screw driven with 
full power was accompanied by the heavy thumping action upon the stem ot the ship, 
immediately over the screw at each revolution, that was so marked a feature in the 
vibratory action attending the working of this screw in the experimental trials made 
with it in competition with other screws in the trials made some five or six years since 
with the Shannon frigate. 

Another type of Mangin screw of recent introduction is illustrated by Fig. 22. 




Sectional Eleyation. End Elevation. 

Modern 4-Bladed " Mangin " Screw-propeller. 
Fig. 22. 



Side Elevation. 



This propeller has four blades directly opposite each other, and secured to the boss 
by studs only ; the advantage from this connexion being of a twofold character ; that 
in the event of a fracture of a blade when cast with the boss, the entire propeller 
has to be replaced ; but if the blade were secured to the boss a new blade only is re- 
quired. The other portion of the advantage is that when the blade is a fixture on the 
boss, the pitch is unalterable, but when it is separate, it can be adjusted at any angle and 
thus secured to the boss. The connexion of the blade in this case is a flange, with a 
fitting rib inside ; the stud-holes are oval — as shown by the large section above the boss 
between the two upper blades. The studs are the ordinary kind with hexagonal heads, 
and are prevented from looseness — when screwed up — ^by stop plates as shown in the view, 
the plates being secured by studs of a lesser diameter. The boss, it will be noticed, is 
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square with the comers cut off beyond the flanges — ^this is shown distinctly in the end and 
side elevations. The sectional plan of the boss is between these two views, the blades 
being omitted. The sectional elevation is a transverse section of the boss and a vertical 
section of one blade : in this view the connexion of the blade is seen, and as each are 
duplicates only one is depicted. Between this view and the end elevation is a plan and 
side view of one of the keys and nuts for securing the boss on the shaft. The application 
of these keys is shown in the sections ; it being that the boss is secured by the keys pass- 
ing through projections in the boss, and lateral channels cut in the shaft opposite each 
other ; the nuts prevent the keys from slipping, and when the blades are connected the 
whole affair is hidden as shown by the complete views. 

The " Mangin'* portion of this example of propeller is shown in the end elevation ; 
which is the plan also of one blade of two pitches. 

The geometry of this form is shown in Plate 6, and described in page 36 ; the present 
Illustration also is on page 37, and on page 38 it is stated that it would be again intro- 
duced in this chapter. 

Propellers of this type and form have not until very lately been introduced in the 
navy, but for the merchant service they have had a fair trial with good results. 

The Geippiths* Scbew-Pbopellbb by Messbs. John Penn and Son. PlIte 10. — 
The illustrations in this plate represent the sections of the boss in three views and that of 
the blades in two views. The complete portion relates to the blades and half of the boss 
only. The flattened outline of the blade is shown above and below the boss in the end 
elevation ; while in the side view the forward and aft sides of the blades are seen ; in 
this view also the vertical section of the blade is depicted showing the amount of lean-to. 
This propeller has the advantage of having the blades separate from the boss, so that, as 
we stated before, in the event of a fracture or requiring adjustment, the blade can be 
replaced or suitably secured. The method adopted for securing the blade is two-fold in 
its mechanical contrivance, being by a key, also bolts and nuts. The keys are secured at 
each end by double nuts ; spaces in the boss are formed not only to receive the keys but 
also the stop or adjusting wedges ; these wedges are prevented from slipping out by cross 
pieces or caps through which the round portions of the key passes. This will be fully 
understood by noticing the sectional plan, also the side views of the detail, which is shown 
in the sectional portion of the end elevation. 

The plan of the blade is represented in dotted lines, showing thereby the position of 
the blade when set at the mean or constructing pitch, therefore the thickness of the 
wedges is equal throughout. Now, if it were required to adjust the blade suitably for a 
greater or lesser pitch, these wedges now in place would have to be replaced by others of 
unequal but appropriate thickness and thinness, and when all were fixed the key would be 
askew, instead of central, as illustrated. 
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The next feature to be noticed in this example of propeller is that it is suspended in 
bearings fore and aft, the gudgeons being cast or formed with the boss with a " cheese" 
coupling at the forward end ; this is known as the " lifting" type, and the frame is often 
termed the " banjo '* frame, because the end views of the fore-and-aft bearings resemble 
that instrument in outline. As the frame is not shown in the plate, we illustrate an 
example of it and the propeller in position by Fig. 23. 




Forward Side Frame. Sectional Elevation and Plan. Aft Side Frame. 

Griffiths' Screw-Propeller and Lifting Frame by Messrs. Penn. 

Fig. 23. 

The sectional elevation shows the propeller boss and the gudgeons ; the bearings 
also with the lignum- vita9 strips ; the transverse sections of these bearings and their 
end views can be understood from the other views of the fore and aft frames. 
The bearings proper and the suspending portions are connected by bolts and nuts, and 
the two guide lugs projecting below to fit into the stem and rudder-post brackets 
respectively. 

Directly over the propeller and the bearings is the complete plan of the cross-piece 
connecting the frames, showing also the fittings within it ; above this the sectional elevation 
of the framing is completed, with the other views of the fittings. The rope-puUeys are 
shown in both cases, also in the sectional portion of the forward side fr*ame. 
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The mode of raismg and lowering the stop-lever for the blade is by a screwed rod 
having collars, between which the double end of the lever is fitted ; this is seen in plan, 
elevation, and section. The ratchet-catches at each end are also shown in plan and 
elevation, the forward catch being bent to make room for the central position of the rod 
of the stop-lever. 

The sides of the frame are connected to the cross-piece by bolts and nuts, instead of 
being in one casting, as is the practice by some other makers. The recessed portion at each 
end of the cross-piece is for the lower ends of the fixing stays to fit into when the frame is 
lowered. 

Gbifpiths' Sorew-pbopelleb, fitted to Heb Majesty's Ship " Lobd Clyde,*' by 
Messrs. Ravenhill and Hodgson. — Plate 11. — This type of propeller, although of the 
same class as the preceding example, differs materially in the arrangement of the internal 
portion of the boss and the flange connexion for the blades. The main cause for this is 
that the propeller in Plate 10 is arranged to be lifted without affecting the shaft, while 
this in Plate 11 is keyed on the shaft, and therefore forms a fixture on it. 



Propellers of this order 
are now becoming univer- 
sal, while the " lifting "^ 
kind are getting in the 
backgroimd. This change 
of opinion and practice have 
not met with the difficulties 
which were once said to be 
certain, which are, in the 
main, that when the pro- 
peller overhimg the bearing 
of the shaft, the weight of 
the former would affect the 
true position of the latter ; 
and as that weight, in some 
cases, is from 15 to 20 tons, 
there seemed to be some 
foimdation for the doubt. 
It has been lately proved. 




Elevation of the Modem Mode for Bnp- 
porting the Screw-propeller. 

Fig. 24. 



however, that, with bear- 
ings appropriate to the 
requirements, this heavy 
moving mass does not ma- 
terially affect the working 
contact of the shaft more 
than when the bearings are 
fore and aft of the screw. 
The modem practice in re- 
lation to the matter of po- 
sition can be ftdly under- 
stood from the illustration 
Fig. 24, which depicts the 
propeller, stem and rudder 
posts, also a section of the 
bearing for the shaft. 

The illustrations in 
Plate 11 represent a com- 
plete working drawing of 



the propeller imder notice and the details. In the end elevation the flattened outline of 
the blade and the cross sections are shown, and also the complete views when the blades 
are set at the constructing, or mean pitch. Corresponding with this are the vertical 
sections, and the complete portions beyond. The connexion of the blades with the 
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boss is by studs only, being 
the same modem mode as that 
shown by Fig. 22, in page 76. 

We may remark that this 
simple means for holding or 
securing the blade in the po- 
sition required, as a certainty, 
was for some time doubted; 
it being thought that the 
studs could not sufficiently 
connect the flange to the seat 
on the boss, therefore, the 
key and wedges were the 
universal additional means 
adopted for some time. 

As a contrast to the con- 
nexion shown in the plate, 
we illustrate the key and 




Sectional Plan and Elevation 
of the Key and Wedges for ad- 
justing and securing the Blade of 
the Griflfiths' Screw-propeller. 

Fig. 25. 



wedge method by Fig. 25, 
which shows at once the addi- 
tion alluded to, also repre- 
sented in Plate 10. 

It is not always the pra<j- 
tice to arrange the key and 
wedges at right angles to the 
line of keel, for in some cases an 
angle of 45® has been adopted 
with solid ribs at right angles 
throughout on the inside of the 
boss. 

Referring again to the 
Plate, it is noticed in the sec- 
tional elevation that the length 
of the boss is within the limit of 
the following side of the blade, 



but level with the outline of 
the leading side, the flange also is set back from the forward end of the boss. There is 
one advantage with this arrangement, and it is that the boss is shortened to its minimum 
length, and thus the weight and material are reduced to the lowest quantities. The 
sectional plan of the boss shows the form of the outline between the flanges, which 
is equal portions of a sphere on each side of the centre line ; the thickness of the metal 
around the shaft is the same in both views, and the respective positions of the keys 
are also apparent. The side view of one key and cross-section df the boss at that point is 
shown in the end elevation, also the dotted outline of that opposite. The detail of the 
adjusting studs and the method of preventing their becoming loose are shown at a larger 
scale, between the two upper blades they are precisely as those for Fig. 22, in page 76 ; 
examples of which have been constructed by the same firm. The number of the studs in 
each flange are shown in the complete plan, also their position in relation to the angle and 
section of the root of the blade. The radius of the pitch circle of the studs is 1 ft. 7f in. ; 
the flange holes are sufficiently elongated to allow the blade to be shifted from its present 
position — which is at the constructing or mean pitch — |^ of an inch for the maximum 
pitch, and | of an inch for the minimum, on the pitch circle ; but at the edge of the flange 
the preceding fractions are altered to -f-f of an inch, and || of an inch respectively. 

The plan of the top blade is shown and as much of the lower blade as can be seen 
beyond the boss. The form of the blade when laid flat — shown in dotted lines in the end 
elevation — ^is the same for both edges ; which agrees with the geometry illustrated by 
Plates 7 and 7a, the complete elevation of the blades are also similar. 
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Griffiths' Scbbw-Pbopellee foe Hbe Majesty's Ship " Lord Warden," by Messrs. 
Maudslay, Sons, and Field. Plate 12. — The diameter and pitches of this propeller 
and the one illustrated in Plate 11 are the same, the cause for the similarity being that 
the Lord Warden and Lord Clyde are sister ships in the royal navy. The illustrations 
under notice represent three views of the boss in section, one being a transverse view, the 
second a plan, and the third longitudinally or on the line of the keel. 

The end sectional elevation — ^which shows the transverse section of the boss — depicts 
the complete views of the blades, also the flattened outline and the cross sections, as in 
Plate 11. The sectional elevation represents the boss and blades in section — this being 
the longitudinal section of the boss — ^so that the lean-to of the blades is seen, and 
the shape of the leading and following edges* The sectional plan relates to the boss in 
the main, but it shows also the position of the securing keys. 

The complete plan, as in Plate 11, illustrates the outline of the blades and boss, the 
number of securing studs for each flange, and the stop or set plates in position for two 
studs. 

As these two propellers belong to two sister ships in all particulars, which are also 
of national importance as to their speed, we will compare, first, the leading features in 
the mechanical arrangement of the boss portions of the two screws, with the difference 
in the proportions, and next the results of the latest trials. 

The diameter of the shaft in the boss of the Lord Clyde screw is 1 ft. 9-|^ in. at the 
forward end, and 1 ft. 6^ in. at the aft end, while the shaft in the boss of the Lord 
Warden screw is 1 ft. 9 in. and 1 ft. 5 in. respectively. The thickness of the boss around 
the shaft for the Lord Clyde is 4 in., but that for the Lord Warden is 5| in. The length 
of the taper in the former is 4 ft. 6 in., and in the latter 3 ft. 11 i in. The length of the 
boss of the Lord Clyde screw is 4 ft. 6 in., but in the Lord Warden screw it is 4 ft. 5 in. ; 
the diameter of the first is 6 ft. 6 in., and of the second 5 ft. 6 in. The firont face of the 
boss is 2 ft. 5 J in. from the centre of the flange of the blade in the Lord Clyde screw, and 
the back face is 2 ft. \ in., while for the Lord Warden it is 2 ft. 2^ in. on each side of the 
centre of the flange. 

The securing keys for the former screw are each 10 in. wide and 3 in. thick, secured 
from shifting by nuts and a raised washer — a similar key, washer, and nuts, are shown in 
detail in Plate 20 ; but the securing keys of the screw for the Lord Warden are 8^ in. 
wide and Z\ thick, the slipping being prevented by a side piece secured to the top of each 
key by two studs — this is shown in detail above the sectional plan of the boss. The 
extremities of these keys are capped, it will be noticed, to keep the sea water from them 
and thus prevent corrosion in their seats. The length of the holes for the keys in the 
first example is 2 ft. 4 in., and 2 ft. 4| in. in the second. 

The faces for the flanges of the blades in the Lord Clyde screw are 2 ft. 7 in. fi-om 
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the centre of the boss on each side ; but in the Lord Warden screw they are 1 ft. 7^ in. 
only from the centre. 

The diameters of the two. diflFerent flanges of the blades are 3 ft. 11 J in. and 4 ft. 5 in. 
respectively ; the diameters of the securing or adjusting studs are 4^ in. for the one and 
3^ in. for the other. The main cause for this vast diflference in the diameters being that 
in the Lord Clyde screw there are only ten of these studs ; four on the front side of the 
blade and six at the back ; whereas for the Lo^'d Warden screw there are sixteen adjusting 
studs equidistantly pitched ; the diameter of the pitch circle of the former is 3 ft. 3^ in. 
and the latter 3 ft. 10^ in. 

Then as to the comparative areas of the studs, 4^ diameter = 15*9 area, and 15'9 
X 10 = 159 square in. for the total area ; next 3^ diameter = 9*621 area, and 9'621 x 16 = 
153*936 square in., so that the total area of the adjusting studs for each blade of the 
Lord Clyde screw is only 5*064 square in. more than that for the Lord Warden. 

The thicknesses of the two shells of the bosses are much more varied than might be 
supposed from the previous proportions, in the first example the shell is only f in. thick at 
the globular part, and 1\ in. at the flats or ends, with one rib 2 in. thick^ connecting the 
shell to the boss ; in the second example, the globular portion is 2 J in. thick, with no rib of 
any kind, the thickness at the ends being 3-| in. The strengths, therefore, of the two bosses 
are about equal, although there is so much difference in the form and relative proportions. 

We now compare the blades — ^the Lord Clyde screw-blade is 10 in. thick at the root, 
5^ in. where the lean-to commences, and W in. at the tip ; for the Lord Warden at the 
same points the blade is llj, 5^, and 1\ in. thick. 

The width of the blade of the former is 4 ft. 5 in. at the boss, 7 ft. maximum, 6 ft. 9 
at the commencement of the lean-to, and 3 ft. 3 in. at the tip ; for the Lord Warden the 
dimensions of the blade at these points are 3 ft. 3 in., 7 ft. 4^ in., 7 ft., and 3 ft. 2^ in. wide, 
the amoimt of lean-to being 11^ and 11 J in. respectively; and the flanges of the latter 
are ribbed inside with two ribs IJ in. thick and 1ft. 2 in. apart. 

The modes for securing the adjusting studs in the two examples are widely different ; 
for the Lord Clyde it is by a flange or stop-plate with studs, but for the Lord Warden it is 
set plates and studs, two of which are shown in the complete plan, also in detail in 
Plate 19. 

It will be noticed that the shaft of the Lord WarderCs screw is fitted with a thrust- 
ring recessed in the boss ; this ring is in halves and hooped in the groove formed for the 
purpose. A cap secured to the boss covers this arrangement, and also prevents any 
water entering. To make this ftdly imderstood, a portion of it is shown in section at a 
large scale below the boss in the end sectional elevation. 

Having described the comparison of the arrangement and proportions of the two 
screw-propellers, we will now proceed with the results of the trials of the two ships. 
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The Lord Clyde and Lord Warden are wooden-built armour-plated sliips, each 280 ft- 
long, breadth 58 ft. 11 in., and tonnage 4067. They are covered with armour plating of 
various thicknesses ; thus, at the water-line above and below, for a certain distance, the 
plating is 5^ in. thick. At the ports, which are 8 ft. 9 in. above the water-line, for 3 ft. 
up and down the armour is 6 in. thick, in two thicknesses, one of l^in., bolted directly 
to the frame timbers of the ship, and the remainder 4^ in., secured as usual on the outside 
of the planking. The armour is continued to a depth of 6 ft. below the water-line at 
midships, and on each side of this, or fore and aft, it terminates at 4 ft. 6 in. below the 
same level. We now describe the trials. 

TRIAL OF THE « LORD CLYDE." 

Draaght of water forward 23 feet. 

„ „ aft 27 feet 



Fan boiler power. 


Nnmbcr of reTolotions of Um 
screw per minato. 


8p«ed of tb. »bip In knot* 
p«r boar. 


Ist run . 

2nd,, 

3rd „ • . . • 

4tJ» ,, 

5th „ 

6th , 


64 
64 
65 
65 
63 
65 


13-846 
12-721 
14-285 
12413 
14-694 
12-040 



Mean speed of ship in knots per hour 18*666 

Mean number of revolations of the screw per minute ....... 64*88 

Mean total number per hour • 8859-98 

Mean speed of the ship with half boiler power in knots per hour. . . . • 11*786 



Full Boiler Powbb Girolss. 

Number of rerolutions on entering 

,9 „ after entering 



64 
60 



Half Boiler Power Circles. 

Number of rerolutions on entering 50 

„ y, after entering • • • . 47 

Diameter of screw-propeller 28 feet inches. 

Pitch — set • . 28 feet 6 inches. 

Number of Blades 2 

TRIAL OF THE "LORD WARDEN." 

Draught of water forward 28 feet 1\ inches. 

„ „ aft 27 feet 8i inches. 



FnU boflar powor. 


Nomber of revolotioiia of tb« 
screw p«r minato. 


SpeedoftbeibipinkDOto 
p«r boor. 


Ist mil . 

2nd,, 

8rd „ 

4th „ 

6th „ ... . 
6th „ 


63 

63-8 

63-3 

63-5 

63-8 

63 


13-636 

13-235 

14062 

12-95 

13-74 

13-33 



m2 
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Mean speed of the ship in knots per hour 13*492 

Mean number of the revolutions of the screw per minute « 63*31 

Mean total number per hour 3798*6 

Mean speed of the ship with half boiler power in knots per hour . 11*777 

Mean number of the rerolutions of the screw per minute 52*52 

Diameter of screw-propeller 23 feet inches. 

Pitch set 21 feet 4i inches. 

Pitches adjustable 22 feet 6 inches to 27 feet 6 inches. 

Number of blades .... 4 

This propeller, it will be noticed, is not the same as that illustrated in Plate 12 ; but 
examples of the class are shown by Plates 19 and 20 ; the latter is similar to the original 
screw fitted to the Lord Clyde, which is four-bladed with uneven pitches and adjusting 
blades secured by studs, also illustrated by Fig. 22 in page 76. 

The two*bladed screw will be fitted, in due time, to the Lord Warden, when a better 
comparison of the results of the two screws illustrated will be more apparent than at 
present, as only that fitted to the Lord Clyde can be said to have been fairly tested. 
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CHAPTER Vm. 

ON TWIN SCBBW PEOPULSION. 

By Messes. J. and W. Dudgeon. 

NOTHING has added so much to the importance and value of the steam engine since its 
practical introduction by Watt, as the various improvements made from time to time 
in its applicability to the propulsion of ships, and those who are conversant with the history 
of the steam engine will recognise the host of contrivances proposed, and modes employed 
by various inventors for this purpose. The two great divisions of these plans come under 
the systems of paddles and screws. Paddle wheels with their latest improvements, 
including the feathering float, have maintained their position, and are still employed by 
steam-ship owners, in a large proportion of the high-class ocean ships, so that although 
the screw is an economical substitute, and in many cases a great improvement on the 
paddle system, and has received considerable modification from time to time as experience 
has shown to be necessary, it has not until recently been employed to propel ships at really 
high velocities. Further, so fiur as the single screw is concerned, it is not entirely appli- 
cable to vessels of light draught, and is also not fully efGicient for manoeuvring purposes. 

Now, as light draught, high velocity, and faciUty for manoeuvring are quaUties of 
importance for vessels, either for war or commerce, any modification of the system of 
propulsion which can in any degree secure those good qualities must be an improvement, 
and if while thoroughly securing those advantages, it possesses many others, it must 
in many, perhaps eventually in the majority of cases, supersede other systems. 

Our experience of the independent twin or double-screw system has abundantly 
proved to us that it surpasses any other system of propulsion yet introduced, so far, at. 
any rate, as the above-named quaUties are concerned, and as we have taken a somewhat 
prominent part in practically introducing and working it out, we will briefly describe how 
we arrived at our experience of it. 
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The mode of raising and lowering the stop-lever for the blade is by a screwed rod 
having collars, between which the double end of the lever is fitted ; this is seen in plan, 
elevation, and section. The ratchet-catches at each end are also shown in plan and 
elevation, the forward catch being bent to make room for the central position of the rod 
of the stop-lever. 

The sides of the frame are connected to the cross-piece by bolts and nuts, instead of 
being in one casting, as is the practice by some other makers. The recessed portion at each 
end of the cross-piece is for the lower ends of the fixing stays to fit into when the frame is 
lowered. 

Gkifpiths' Scebw-pbopelleb, fitted to Heb Majesty's Ship " Lobd Clyde," by 
Messes. Ravenhill and Hodgson. — Plate 11. — This type of propeller, although of the 
same class as the preceding example, differs materially in the arrangement of the internal 
portion of the boss and the flange connexion for the blades. The main cause for this is 
that the propeller in Plate 10 is arranged to be lifted without affecting the shaft, while 
this in Plate 11 is keyed on the shaft, and therefore forms a fixture on it. 



Propellers of this order 
are now becoming univer- 
sal, while the " lifting '^ 
kind are getting in the 
background. This change 
of opinion and practice have 
not met with the difficulties 
which were once said to be 
certain, which are, in the 
main, that when the pro- 
peller overhung the bearing 
of the shaft, the weight of 
the former would affect the 
true position of the latter ; 
and as that weight, in some 
cases, is from 15 to 20 tons, 
there seemed to be some 
foundation for the doubt. 
It has been lately proved. 




Eleyation of the Modem Mode for Snp- 
porting the Screw-propeller. 

Fig. 24. 



however, that, with bear- 
ings appropriate to the 
requirements, this heavy 
moving mass does not ma- 
terially affect the working 
contact of the shaft more 
than when the bearings are 
fore and aft of the screw. 
The modem practice in re- 
lation to the matter of po- 
sition can be fiilly under- 
stood from the illustration 
Fig. 24, which depicts the 
propeller, stem and rudder 
posts, also a section of the 
bearing for the shaft. 

The illustrations in 
Plate 11 represent a com- 
plete working drawing of 



the propeller under notice and the details. In the end elevation the flattened outline of 
the blade and the cross sections are shown, and also the complete views when the blades 
are set at the constructing, or mean pitch. Corresponding with this are the vertical 
sections, and the complete portions beyond. The connexion of the blades with the 
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boss is by studs only, being 
the same modem mode as that 
shown by Fig. 22, in page 76. 

We may remark that this 
simple means for holding or 
securing the blade in the po- 
sition required, as a certainty, 
was for some time doubted; 
it being thought that the 
studs could not sufficiently 
connect the flange to the seat 
on the boss, therefore, the 
key and wedges were the 
universal additional means 
adopted for some time. 

As a contrast to the con- 
nexion shown in the plate, 
we illustrate the key and 




Sectional Plan and Eleyation 
of the Key and Wedges for ad- 
justing and securing the Blade of 
the GriflBths' Screw-propeller. 

Fig. 25. 



wedge method by Fig. 25, 
which shows at once the addi- 
tion alluded to, also repre- 
sented in Plate 10. 

It is not always the prac- 
tice to arrange the key and 
wedges at right angles to the 
line of keel, for in some cases an 
angle of 45® has been adopted 
with solid ribs at right angles 
throughout on the inside of the 
boss. 

Referring again to the 
Plate, it is noticed in the sec- 
tional elevation that the length 
of the boss is within the limit of 
the following side of the blade, 



but level with the outline of 
the leading side, the flange also is set back from the forward end of the boss. There is 
one advantage with this arrangement, and it is that the boss is shortened to its minimiiTn 
length, and thus the weight and material are reduced to the lowest quantities. The 
sectional plan of the boss shows the form of the outline between the flanges, which 
is equal portions of a sphere on each side of the centre line ; the thickness of the metal 
around the shaft is the same in both views, and the respective positions of the keys 
are also apparent. The side view of one key and cross-section (Jf the boss at that point is 
shown in the end elevation, also the dotted outline of that opposite. The detail of the 
adjusting studs and the method of preventing their becoming loose are shown at a larger 
scale, between the two upper blades they are precisely as those for Fig. 22, in page 76 ; 
examples of which have been constructed by the same firm. The number of the studs in 
each flange are shown in the complete plan, also their position in relation to the angle and 
section of the root of the blade. The radius of the pitch circle of the studs is 1 ft. 7| in. ; 
the flange holes are suflBciently elongated to allow the blade to be shifted from its present 
position — which is at the constructing or mean pitch — ^\ of an inch for the maximum 
pitch, and | of an inch for the minimum, on the pitch circle ; but at the edge of the flange 
the preceding fractions are altered to -|f of an inch, and -L|. of an inch respectively. 

The plan of the top blade is shown and as much of the lower blade as can be seen 
beyond the boss. The form of the blade when laid flat — shown in dotted lines in the end 
elevation — ^is the same for both edges ; which agrees with the geometry illustrated by 
Plates 7 and 7a, the complete elevation of the blades are also similar. 
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As a suitable example as to how far this especial system meets the requirements of a 
fast merchant steamer, employed in an ordinary passenger and carrying trade, we may 
instance the twin-screw steamer Maryy plying regularly with passengers, cattle, and 
general cargo between London and Gothenburg. 

The following are a few particulars of the diipensions of the vessel and machinery. 

Length between perpendiculars 230 feet. 

Breadth 27 „ 

Depth to spar deck 20 „ 2 in. 

Tonnage, B. M. 829 tons. 

She is propelled by two three-bladed propellers, one right and one left handed, 
working outwards, and quite independent of each other, and each driven by a pair of 
horizontal direct-acting condensing engines, with cylinders 37 in. diameter, 21 in. stroke, 
ordinary injection condensers, with double-acting air pumps, driven direct from the ends of 
the piston-rods, which are continued through stufl&ng boxes in the covers of the cylinders 
for that purpose ; double port slide-valves worked by link motion. Boilers, 2 in number, 
having 6 ftunaces in each, 3 at each end, with separate combustion chambers towards the 
middle of boiler, and a water space between. Tubes of iron having a total sur£a<ce 
of 4290 square feet, the total fire-bar surface being 210 square feet. There are two 
funnels with annular superheaters at their bases. 

She was completed, and tried at the measured mile, on the Maplin Sands, in August, 
1865, averaging on trial a speed of 14*12 knots, and was immediately aflerwards placed 
upon her station in the North Sea trade. Li this, which is unquestionably one of the 
most trying services to ship and machinery which could well be found, she speedily 
established her superiority over all competitors, making the passage from London to 
Gothenbtirg, over 650 miles, in an average of 48 hours, a speed never before approached 
by any regular North Sea trader. She very soon became, through her speed and 
sea- worthy qualities, the favourite ship, both for passengers and cattle, bringing over heavy 
freights and large numbers of animals in perfect safety; also was the only one which 
was ever again heard of out of five steamers which passed the Scaw for England on 
the 29th of December, 1866, the rest having foundered with all hands, while she, with 
a full cargo, made her passage in safety through a terrific gale, arriving 10 hours after 
her time, with the loss of but one bullock only. 

On one occasion she presented one of the most severe, but perfectly conclusive, tests 
possible, as to the trustworthiness of the peculiar stem tube arrangements, and the great 
serviceableness of the twin-screw system generally. 

About twelve months since, when bound to London, during foggy weather, with a 
considerable sea on, and while turning one screw ahead and the other astern to escape 
stranding on a sandbank, the starboard propeller struck the bank, and was, with the 

n2 



Digitized by 



Google 



92 MODERN SCREW-PROPULSION. 

shaft, entirely carried away. Now, had the vessel been either paddle or single screw, 
she might perhaps under the circumstances have been lost, but the steam being immediately 
shut off from the starboard engines, she came up to London at the rate of 10 knots per hour 
with the port engines, retaining her steering powers sufficiently for the sharpest bends 
of the river ; it being found sufficient to keep the rudder over 5*^ only, to make a straight 
course. When the vessel was docked, the stem tubes, frames, &c., were examined, and 
found to be quite uninjured by the severe shock which they had sustained. 

This vessel having served as a sufficiently conclusive example of the applicability of 
the twin-screw system to trading vessels generally, the weatherly qualities it confers, 
and its safety in the case of bad weather or accident, the Panama, New Zealand, 
and Australian Royal Mail steamer Rtiahine may be further taken as an illustration of 
its applicability to ocean steamers. 

When, with a view to reducing the distance by about 2000 miles between England 
and New Zealand, the direct mail route viA Panama was decided on, there were two para- 
mount considerations that had to be entertained in building vessels for the Pacific portion 
of the Kne. 

The first was that, by the terms of the contract entered into between the company 
and the Government, an average speed of 10 knots per hour had to be maintained from 
port to port. 

The second, and most difficult consideration, as the distance between the ports is 
6670 knots — by far the longest direct steaming voyage in the world with no halfway 
coaling station — was the selection of an efficient form of vessel, with very large ftiel 
carrying capacity, and machinery possessing the three requisites of the greatest possible 
efficiency, safety and economical working, and so constructed as to reduce the proba- 
bilities of loss of time by break-down, to a minimum. 

After careful consideration of various designs, the directors gave orders to four 
different firms in England and Scotland, each to build a steamer expressly for this service, 
and the one entrusted to us for construction was the twin-screw Ruahine^ of 1600 tons 
and 350 horse power. 

The arrangement of the propelling machinery is very similar to that in the Mary 
before described, except that, to attain economy of fuel, she has expansive engines with 
high and low pressure cylinders one within the other, and Davison's surface condensers, 
she also has annular superheaters with diaphragms. Both engines and boilers are com- 
pletely illustrated in the work, " Modem Marine Engineering," by Mr. Burgh. The coal 
bunkers have a capacity of 1200 tons, to enable her to carry the requisite quantity of fuel 
for so long a voyage. 

She was completed in May, 1865, tried at the Maplin Sands, realising a mean speed 
of 13 knots, and afterwards made a trial cruise down channel for fiirther experiments^ 
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especially as to her consumption of fiiel upon long distances. The fiiel being carefiilly 
weighed by the representatives of the company, was ascertained to be at the rate of 2*6 lb. 
per actual horse power per hour. 

As the other vessels of the fleet were not ready, it was decided still more thoroughly 
to test her capabilities by actual service at sea ; she was therefore chartered to the Royal 
Mail Company, and was employed for six months on the intercolonial station between 
St. Thomas's and Colon. In this service she gave the authorities great satisfaction, 
and at the conclusion of the charter, returned to England to refit, and sailed for Sydney, 
where she arrived in June, 1866. Since that time she has been making her trips between 
Sydney, Wellington, and Panama, with great regularity ; having run about 130,000 miles 
without derangement or injury of any kind to the propellers, or any other part of the 
twin-screw arrangement. 

One of her recent voyages to Panama, ranks among the quickest passages ever 
known, the Vessel having run from Sydney to Wellington (1250 knots), and from Welling- 
ton to Panama (6670 knots) without stoppage, in all 7920 nautical miles, in 31^ days. 

As the best criterion of the practical work done by the twin-screw system is to take 
the particulars of performance during an actual voyage, we append an abstract of the 
engineer's log of the Rtcahine on double voyage from Sydney to Panama ; the real results 
being there clearly shown. 

Abstract from Loo of Steamship "Ruahinb'* on her Sixth Voyagb- prom Sydney to 
Wellington, commencing March 1st., and ending March 6th, 1868. 
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Toni, Cwt 
Coals on board, leaving Sydney 1015 11 



„ Consumed to Wellington 206 15 

Banked fires, galleys, &c 8 5 

Remains on arrival 805 11 
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Abstbaot fbom Log of Sthamship ** Ruahinb," on hbb sixth Votaob peom Wellington to 
Panama, cohuenoing Mabch 8, and ending April 4, 1868. 
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Extract feom Loo op STBAMsrap "Ruahinb" {Continued). 
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North. 
7' 84 67 
3 13 82 10 

I 
6 29 80 40 
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Smooth water and cabn. 

Light winds and variable. 8 a.m., head 

winds and sea. 
Strong head wind and sea. 6 p.m., 

passed Island of Malpelo. 
6 A.M., Tobago. 7 a-m., anchored at 

Flemenoo. 



Time occnpied, 26 days 8 hoars. 



Coals on board leaving Wellington . 



Tods. Tons. Cwt. 
r Welsh . 230'> ,^oi; a 
lColonial806; ^^^^ ^ 



Consumed in propelling ship 855 8 

Oalleys, winches, &c 13 18 

Remains 165 14 

It must be remembered that this is no trial trip report, but the log of a voyage, 
made after the vessel had run for six months in the intercolonial mail service in the West 
Indies, made the voyage out and home, then made the voyage to the antipodes, and after- 
wards five double journeys across the Pacific, and a better nautical test to prove the 
suitableness of the arrangement for ocean navigation can scarcely be quoted. 

For ease in handling the vessel where the channel is intricate, uncertain, or over- 
crowded — as on rivers— or when rapid manoeuvring for fighting purposes— especiaUy 
in close quarters — ^is required, the twin-screw system is particularly applicable ; as will 
be readily seen by reference to the following results of manoeuvring experiments. 

EXAMPLE, No. 1. 
The Fhra^ blockade runner, 425 tons, 120 horse power. 

Ist Experiment. — Full speed ahead with both engines, helm hard over, the circle was 

completed in three times the ship's length in 3 min. 33 sec. 
2nd Experiment. — One engine going full speed, the other stopped, helm hard over on 

working side, the circle was completed in a little more than the ship's length in 

3 min. 30 sec. 
3rd Experiment. — One engine going ahead the other astern, helm hard over, the vessel 

turned completely round on the centre of her length in 3 min. 48 sec. 
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4th Experiment. — The engines going in opposite directions as before, but the hehn fixed 
amidships, the circle was again made in the ship's own length in 4 min. 28 sec. 

EXAMPLE, No. 2. 
The Edith^ afterwards Chkharnauga^ blockade runner, 531 tons, 200 horse power. Im- 
mersed midship section 180 square feet, displacement 510 tons. 
1st Experiment. — Both engines going ahead, helm hard over, the full circle was made in 

4 min. 3 sec. 
2nd Experiment. — Screws going in opposite directions, the circle was performed in 3 min. 
29 sec. The circle being completed, the engines were suddenly reversed, and their 
action on the vessel was instantaneous, the revolving motion of the ship being checked 
and reversed with the greatest ease. This experiment was repeated several times, 
and proved that a twin-screw vessel might in itself become the carriage for ordnance, 
which might be too heavy to be trained in the ordinary way. 
3rd Experiment. — ^With one engine going, the other stopped, helm hard over, the full 

circle was completed in 4 min. 31 sec. 
4th Experiment. — From order to put helm over, to time of putting ship in straight 
course at full speed in opposite direction, the circle was made in 1 min. 40 sec. 

EXAMPLE, No. 8. 
The Handig Vlug^ gunboat, 138 tons, 40 horse power, for the Dutch navy, 100 ft. long 
and 17ft. beam, heavily built, carries in her midship part a large rifle-proof citadel of 
steel plates. On her trial trip she accomplished ten knots per hotir, being completely fitted 
out ; with the exception of two twelve-pounders she was afterwards intended to carry. 

1st Experiment. — The full circle was made by working the engines in opposite directions 

in 2 min. 53 sec. 
2nd Experiment. — (xoing ahead full speed, the course of the vessel was reversed by the 

altered action of the screws in one minute, when she immediately ran at full speed 

in the opposite direction. 

Two or three more examples in evidence of its applicability to vessels of high speed, 
will we think appropriately close otir observations on the advantages of twin screws. 

The Atakmta afterwards Tallahassee^ blockade runner, 546 tons, 200 horse power 
nominal, 1220 indicated, midship section 160 square feet, displacement 510 tons, length 
200 ft. Ran from Dover to Calais in 77 minutes, in a race with the Dover Railway 
Company's Steamer Queen, beating her by 30 minutes in that short run. She aft*erwards 
ran from Bermuda to Wilmington and back in 53 and 54 hours respectively = 1460 miles 
in 107 hours actual time steaming at sea = 13*6 per hour. 

The Mary Augusta, blockade runner, 972 tons, 280 horse power nominal. 
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In a race between this vessel and La France^ one of the best of the Dover MaU 
Steamers, she beat La France by 3-J- miles in the distance from Dover to Calais, running 
the whole distance from Dover to Calais and back in 2 hours 45 minutes. The Louisa 
Arm Fanm/, blockade runner, and sister ship in all respects to the last named, in return- 
ing to England after completing her service, ran from Bermuda to Liverpool in 10-|- days ; 
from the " Salters" to Holyhead (105 knots) in 7 hours 15 minutes = 14*4 knots per 
hour, the engines averaging 96 revolutions per minute ; and from S.W. Cay to Rock 
Light (13-77 knots) in 45 minutes = 18*36 knots per hour. 

Leading Pabticulaes op Theee Different Types op Twin-soeew Steamebs. 
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Having from the first consistently advocated the twin-screw system, and having in 
the foregoing paper endeavoured to put together a few strong reasons for that advocacy, 
we have the satisfaction of seeing that its advantages are daily becoming more and more 
generally recognised; the system being adopted for the largest ocean steamers, 1^ 
smallest light draught gun-boats, and in the designs for all the more important govern- 
ment vessels ; and in closing our remarks, we cannot but express otir assurance that long 
experience will thoroughly confirm the growing conviction of the merits of the plan, and 
ultimately lead to its almost universal adoption. 
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CHAPTER IX. 

on twin scbew-pr0pellbr8. 

By N. p. Bubgh. 

THE results of the latest important trials of duplicate twin propellers fitted to sister 
ships form a suitable subject as an introduction to the present chapter ; we therefore 
commence with the particulars of the trials of Her Majesty's twin-screw gun vessels 
Viper and Vixen^ the engines for each being 160-horse power nominal collectively. 

TRIAL OP THE "VIPER." 

Tonnage 737 tons. 

Length between perpendicnian 160 feet. 

Draught of water forward 9 feet 11 inches. 

„ „ aft 11 feet 10 „ 

Diameter of screw propellers 9 feet. 

Pitch (Tariable from 10 ft. 9 in. to 13 ft. 3 in.) set at 9 feet 10 inches. 

Length on line of keel 12 „ 

Immersion of upper edge 13^ „ 



Fun boOar pow«r. 


■enw per minnte, cUrboird. 


Nnmber of ravolntfama of the 
tcrew per minnte, port. 


SpeedoftheihlpeiiikjMiU 
per hour. 


Istnm . 

2nd „ 

3rd II • • • . 

4th „ 

5th „ ... . 
6th „ 


108-87 

10910 

108-49 

1080 

100-0 

111-86 


11007 

114-75 

118-63 

1100 

106-98 

118-76 


9-802 
9-756 
9-729 
9-160 
9-254 
8-911 



Mean speed of the ship in knots per hour 9*352 

Mean number of reyolotions of the starboard screw per minute 106*8 

Mean do. do. port screw 111*53 

Mean total number per hour starboard screw 6408 

Mean do. do. port screw 6691*8 

Half Boiler Powsb. 

Sp«ed of ship in knoU p«r iMmr. 
1st run 8•889^ 

Ijddj. ......... . |:||iU-..p«d,.4« 

4th do 6*58l3 

Mean number of starboard screw per minute 80*85 

Mean do. port screw „ 83*19 



Digitized by 



Google 



ON TWIN SCREWPROPELLEBS. 



99 



TRIAL OP THE "VIXEN." 

Tonnage 754 tons. 

Length between perpendiculars 160 feet. 

Draogfat of water forward * . . . 9 feet 10 inches. 

aft 11 feet U „ 

Diameter of screw propellers 9 feet. 

Pitch (yariable from 10 ft. 9 in. to 18 ft. 8 in.) set at 9 feet 9 inches. 

Length on line of keel Hi inches. 

Inmiersion of npper edge 14^ ,, 



fU) boDw poww. 




NomlMr of mrdntioiia of th. 
■er«w permbuita, port 


Speed of tlMdiip. in knot* 
pwhoor. 


l«t ran .... 

2»<i 

Srd 

*th 

5th 

6th , 


104-52 
10718 
109-45 
110-68 
111-43 
110-45 


104 28 
106-98 
10806 
110-20 
109-83 
111-48 


8-759 
8-780 
9-302 
8-780 
9-703 
8-480 



Mean speed of the ship in knots per hour 8-959 

Mean number of rerolations of the starboard screw per minute 108-98 

Mean do. do. port screw 108-87 

Mean total number per hour, starboard screw 65858 

Mean do. do. port screw 6502'2 

Half Boiler Powbi. 

Speed of the ship in knots per hoar 
9-625 -^ 



1st run .••... 

t^lt- .■.■.■.■.-.•.■ .■: lZ[^-^^"> 

4th do 5-642) 

Mean number of revolutions of starboard screw per minute 85*72 

Mean do. do. port screw 84-515 

Trial of Her Majesty's Gun Vessel, •* Viper," when Man(buvring in Circles with 

PULL Boiler power. 



Ko. of reroIittionB of 

Screws per mfainte before 

drcUng. 



Starboard screw 109 



Port screw 



Starboard 
Port 



Starboard 
Port 



Starboard 
Port 



108 



To Starboard — both Screws working ahead. 

No. of revolutions of 
Angles of mdden at Sorews per minute during 
starting. circling. 



Starboard rudder 28^ 
Port rudder 80® 



Starboard 106 
Port 106 



Time of making the half 



I min. 58 sec 



Time of making the f nil 
drde. 



8 min. 20 sec. 



108 
108 



I Starboard 
Port 



8 min. 5 sec 



To Port— both Screws working ahead. 

SOP I Starboard 106 I 1 min. 80 sec 
80^1 Port 106 I „ 

To Starboard — ^Port Screw working ahead. Starboard Screw working astern. 

110 I Starboard 82® I Starboard 86 I 1 min. 82 sec I 8 min. 7 sec 

101 I Port 82® I Port 97 I „ „ 



To Port — Starboard Screw working ahead, Port Screw working astern. 



110 
109 



Starboard 
Port 



27® 

27® 



Starboard 
Port 



108 
94 



1 min. 89 sec 



8 min. 9sec 



o2 
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Tkial op Hbb Majesty's Gun Vessel, " Vixen," when Mancbuvbing in Cibcles with 

PULL Boiler power. 



No. of revohitioiit of 

ScrtwB per minute before 

circliiiff. 



Starboard screw 109 



Port screw 



Starboard 
Port 



Starboard 
Port 



Starboard 
Port 



109 



109 
108 



To Starboard — ^both Screws working ahead. 

No. of rerolations of 
Ans^ of radden at Screws per minate dtuing 
^tmrting. circling. 



Starboard rudder 37° 
Port rudder 39° 



Starboard 112 
Port 105 



Time of making the half 
circle. 



1 min. 40 sec. 



Time of making the f aU 
drde. 



Starboard 
Port 



To Port — ^both Screws working ahead. 

27° I Starboard 102 | 1 min. 39 sec. 
27° I Port 94 



To Starboard — Port Screw working ahead, Starboard Screw working astern. 

110 I Starboard 32° I Starboard 96 I 1 min. 3 sec. I 

111 I Port 32° I Port 97 | „ ( 

To Port — Starboard Screw working ahead, Port Screw working astern, 

110 I Starboard 32° I Starboard 108 | 1 min. 42 sec. 

109 Port 34° I Port 94 



3 min. 20 sec. 



3 min. 9 sec. 



3 min. 7 sec. 



3 min. 9 sec. 



TwiN-ScEBw Propeller and Lipting Frame pitted to Her Majesty's Gun-vessels 
"Viper" and "Vixen,** by Messrs. Maudslay, Sons, and Field, Plate 13. — The per- 
formances of this propeller having been expressed in detail, we now direct attention to its 
mechanical arrangement and form of the blades; knowing that these important points 
greatly regulate the results of the duty obtained. The plate for this purpose represents 
two elevations of one propeller and a plan ; the lifting frame also being shown in section 
in each view. There is no peculiarity in the form or arrangement of the frame, as it is the 
ordinary type often used by the leading firms, and by the Messrs. Maudslay in particular. 
The cross piece is separate from the sides and secured by bolts and nuts ; the forward 
propeller bearing is in halves in the usual way, and connected by bolts and nuts at the 
centre line — ^a plan of this portion is shown in the general plan — ^the aft bearing is formed 
of tubes with no means for adjustment. 

As these propellers are the " lifting " class, the hulls are fitted with double stem posts 
for the purpose of sustaining the lifting frame fore and aft; their outlines are ftilly 
depicted in the side and end elevations, which also represent the connexions of the pro- 
peller bearings with them. 

The novel feature in this matter is the arrangement of the propeller, or the connexion 
of the blades with the boss, and the form of the latter. The side and end elevations 
show that each blade is flanged to the boss, the latter being flat to correspond. Each 
flange is secured by bolts and nuts, and the holes are elongated suflBciently for the adjust- 
ment of the blade. The bolts are pitched equidistant — shown in the plan — and the nuts 
are retained in position by set plates. 

The coupling for the propeller is the general " cheese ** type ; the grooved portion 
being-^eeured on the shaft in the usual manner. 
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The fotm of the blade is a perfect radial segment of a circle, the geometrical outline 
is therefore complete, and the comers not " rounded off;*' although this shape has given 
fair results it is often condemned by some authorities who insist that the comers must be 
curved ; the leading corner having the larger radius. 
The remaiiung feature 



in this example is the dif- 
ferent pitches of the blade, 
which, as they are unequal 
on each side of the. centre 
line, two distinct angles 
are formed from that 
point, similar as the 
"Mangin" propeller illus- 
trated by Plate 19, and 
constructed by the same 
finn. 

The type of propeller 
more universal than that 
previously described for 
twin screws, is the exam- 
ple illustrated above by 




Three-bladed Twin-Screw Propeller by 

Messrs. Watt. 

Fig. 27. 



Fig. 27; this has been 
recently fitted by Messrs. 
James Watt and Co. to 
the armour-plated steam- 
ships Medusa and Triton, 
the engines being of 200 
horse-power nominal col- 
lectively for each vessel; 
one screw - propeller is 
right hand and the other 
left, both turning towards 
the hull. The diameter 
of each screw is 7 ft. 6 in., 
the pitch 11 ft., and the 
length on the line of keel 
1 ft. 10 in. 

The main mode of se- 



curing the propeller is by longitudinal and transverse keys as shown in the sectional 
views ; a further means of securing being attained by the nut at the ends of the shaft 
and boss. 



The shaft is sup- 
ported in a tube of 
cast iron encased in 
a wrought-iron tube 
that is formed with 
the hull; the extre- 
mities of both the 
tubings being sus- 
tained by angular 
brackets as shown by 
Fig. 28. 




Mode of supporting the Shaft-tubing for Twin-Screws 
with Brackets. 

Fig. 28. 



In this case the 
shaft is 7^ in. in dia- 
meter, the bracket 
bearing being 11 in. 
and its length 15 in. ; 
the arms are 8 in. 
wide and 2^ in. thick, 
secured to the hull 
by rivets, the ends 
being flanged accord- 
ingly. 



Twin Sobbw-Peopbllebs, Stern and Shaft Tubing fitted to the Royal Mail Steam- 
ship " RuAHiNB," BY Messbs. J. AND W. DuDOEON, Plate 14. — The arrangement of tubing 
for supporting the shafts of twin screws is a matter on which the success of the system 



Digitized by 



Google 



102 MODERN SCREW-PROPULSION. 

greatly depends ; so far indeed is this certain that there are several methods at present 
in practice for the same purpose. Amongst those most successfiilly carried out is that by 
Messrs. J. and W. Dudgeon, illustrated by Plate 14. 

The sectional plan is a section of the hull through the centre line of the shafting. 
The shaft tubing is shown in section on one side and complete on the other. The sectional 
view depicts the stuffing box, gland, and bearing, the latter being formed of gun metal 
tubing and lignum-vitaB strips ; beyond this is the outer bearing similarly constructed as 
the inner. The outer stem tubing or casing in connexion with the hull is of wrought iron 
plates ; bent to a cylindrical form, and secured to the plating as shown. The supports are 
of wrought iron also, angular in arrangement — as seen in the sectional elevation — and 
secured at the most suitable points to the hull : the boss is shown in section, also the shaft 
bearing. On the opposide side, the section is taken through the forward end of the 
stem tube, so that the form of the plates to connect with the hull can be fully under- 
stood : the shape of the hull is amply shown not only in this view, but in the plan also. 

The propellers are the ordinary three-bladed type; both comers are considerably 
curved ; the leading edge having the larger radii ; the flattened form of the blade thus 
forms a striking contrast with that in Plate 13. 

The boss is secured on the shaft by lateral and longitudinal keys, the former is at the 
aft end of the boss, and the latter forward, as shown in the sectional view. 

As the rigidity of the stem tubing for twin screws is the most important acquisition, 
Messrs. Dudgeon sometimes add a strengthening portion to the bracket in the shape of a web 
which connects the tubing, throughout its length, to the hull, it being evident that where 
external stem tubes are used projecting to an extreme distance from the after parts of the 
body of the ship, such stem tubes should be connected together horizontally from end to 
end, as far as practicable, by means of framing and plating, bracing them together to and 
through the body ; or, in some cases, in the place of two stem tubes being used, the screw 
shafts can be enclosed in chambers formed by plating, and projecting horizontally on each 
side of the stem of the ship or vessel ; these chambers may form the stem tubes also for the 
two propeller shafts, and in the interior of the after parts of the body of the ship there 
can be a horizontal framing and plating corresponding in position with the outer plating 
above mentioned, by which conjoined construction great additional strength and stability are 
obtained ; for example, inunediately in front of the stem bulkhead the ribs and skin of the 
vessel can follow the curve of the mouth of the chamber, but abaft the bulkhead, the ribs 
and skin of the vessel may come between the chambers and thus are formed independently 
of them. The forged brackets are bolted to the side of the vessel and also support the 
after ends of the chambers, and the plating which forms the chamber is riveted along 
e^h edge to the side of the ship and at the back to the bracket. The horizontal bulkhead 
connects with the skin of the vessel on the inside where the platings of the screw shaft 
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duimbers connect it on the outside, so that a complete web is formed stretching from 
one propeller shaft to the other through the vessel. The chambers may be complete 
tubes, and in this case the web which connects these tubes to the vessel on each side will 
be single and will be riveted to the tube from end to end. A vertical bulkhead opposite 
the brackets is introduced to further increase the stiffness of the frame. It sometimes 
oocors that the tubes in which the screw shafts are encased are of gun metal, but more 
often of cast iron ; they pass from end to end of the chambers, through the bulkhead in 
front, and through the eyes of the brackets at the back, and behind the eye of the 
bracket, each tube receives a screw nut, which securely fixes it by drawing a flange at its 
forward end against the face of the bulkhead. The propeller shafts are clothed with 
brass as usual, and pass through stuffing boxes at the front of the tubes and in bearings 
at their aft ends ; most of these particulars are shown in the plate. 

Natuee of thb Strains to be Resisted by the Supports for Twin-Screw Shafting. — 
Having proceeded thus far with the mechanical matters we will dilate a little now on the 
nature of the strains that result from the motion and position of twin screws, which will 
show also the resistance required from the supports and stem tubing. To put this in the 
most simple form for investigation, we will assume that a screw is fixed on the end of a 
shaft, that is supported at the opposite extremity, or at least some considerable distance 
from the screw, it is obvious that the weight of the shaft and its appendage will cause the 
former to deflect more or less according to the proportions of both of the details. Now, 
if the shaft is put in rotative motion the screw will revolve also, and its action will be more 
or less centrifugal; due of course to the radius and weight of the blades and their 
Telocity. The shaft also will partake of this effect in proportion to its unsupported 
length and weight ; so that as the centrifugal force is the main effect from the motion, 
the screw will not only revolve on its own axis, but also revolve around a circle whose 
diameter will be due to the weight and speed of the material, also to the strength of the 
shaft in proportion to its unsupported length. We may therefore justly conclude theore- 
tically that the nature of the resistance required from the stem tubing and brackets is 
very nearly constant at all points or angles from the centre. In practice, however, this is 
not the case ; because the shaft is held in position by the bearings ; and, therefore, as the 
centrifugal force is resisted, the weight of the moving mass rests on the lower half of the 
bearing's diameter, which of course accounts for that portion of the surface wearing more 
than the upper ; for obviously if the shaft were loose in its bearing, it would not only 
revolve on its axis, but also attain a centifrugal action, and thus the lower surface of the 
bearing would be relieved from the constant pressure on it. 

Thus far we know the effect or nature of the strains that is due to the motion of the 
propeller ; but as this is only a portion of the whole to which the supports are subject to» 
our remarks now follow on to the action of the water also. 
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We must here note the fact that the water has no natural motion below the snr&ce 
currents, therefore if it is put in motion at that locality, the effect is derived from a 
mechanical cause. 



As the most con- 
cise means of explain- 
ing the reality of this 
case, we have intro- 
duced the diagram, 
Fig. 29, which illus- 
trates the stem end 
of a ship fitted with 
twin screws. The 
right hand propeller 




Mechanical Motion of Water with Twin Screws. 
Fig. 29. 



turns towards tha 
hull, and the left hand 
propeller fi-om it. 

Now, there has 
been much difference 
of opinion amongst 
those learned in the 
subject, as to the cor* 
red way these screws 
should turn. One side 



argues that if the propeller turns towards the hull, or inwards, there must be a gain in 
the propelling effect, because the water at the side of the screw and inmiediately in front 
of it is driven between the hull and the screw, and thus a greater resistance for the 
blades is caused than otherwise occurs« Those of an opposite opinion urge the fact that 
this gain is counteracted by the increased skin friction of the hull, therefore what is 
gained is lost almost simultaneously, so that the final result is not affected at all by the 
matter held out as an advantage. There is not the least doubt that when the water is 
driven against the hull it must cause more friction than if it were motionless, because 
there is not only force in operation, but resistance also, which fact, to a great extent, is of 
weight in the above argument. 

Next then as to the result, by turning the screw outwards, as on the left hand in the 
diagram. Fig. 29. Those who agree on this point contend that the screw does not put the 
water in motion nearly so much as when the screw turns inwards, because then it is 
driving the water against the hull, but now it is lifting it in that direction ; or that one is 
gravity + force, and the other is force — gravity in effect ; and, moreover, that the least 
amount of mechanical disturbance of the water produces the greatest fluid resistance for 
the screw, which, of course is the vital requisition. 

^ Having then settled what the water performs around the screw, we can next learn the 
effect in relation to the supports for the tubing. In the diagram. Fig. 29, it is shown that 
when the screw turns towards the huU, the water is put in motion in the same direction, 
and passes down between the tubing and the hull. Obviously then the water there acts 
aa a wedge, and tends to push the tubing in the line of the central arrow ; this support is 
therefore subjected to an outward thrust as well as a centrifugal action, which taken as a 
combination must produce a vibratory effect. And further, we may add, that this effect 
is not only common to the tubing, but is in connexion with the hull also ; which although 
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H distributes the strain it weakens the stability of the main structure ; being of course a 
disadvantage that should, under any circumstance, be avoided. 

Passing from this, we refer next to the screw on the left hand, which is turning out- 
wards, or from the hull, we see now that the motion water barely strikes the hull, because 
as we stated before, it has to lijt it, and therefore as gravity is antagonistic to that opera- 
tion, the volume inclines from the hull rather than towards it. The result of this in 
relation to the strains is that the tubing is little effected by the passing volume between 
it and the hull ; certainly a small amount of vibration is incurred— due to the strain on 
the blades — ^but not nearly equivalent to that on the opposite side. 

On comparing the relative motion of the two volumes, as shown by the diagram, it is 
apparent that the right hand volume is but partially circular, the curved portion being 
in contact with the huU, but on the left hand the moving volume is shown as almost 
entirely surrounding the screw, the strains produced therefore, are almost equal at all 
points around the centre of motion. 

The aerangbments op the details in connexion with the Supports foe Twin Screws, 
— Knowing now what the strains are to which the supports are subject, we can better 
treat of the mechanical questions, and as a commencement, we refer to the arrangement 



of the supports fitted 
to or rather formed 
with the huUs of the 
Y^per and Vixen. The 
propellers, it will be 
remembered, are hung 
in lifting frames, sup- 
ported fore and aft, 
necessitating, there- 
fore, double stem 
posts, as shown 




m 



Stem End View of the Viper and FuBen— Qon Yessels 
in the Royal NaTj. 

f^g. 30. 



side elevation in the 
Plate 13, and the end 
view by Pig. 30. 
This arrangement, al- 
though perhaps the 
strongest, is almost 
the worst possible 
for manoeuvring pur- 
poses, as there are 
two walls of metal; 
between which a body 



of water is contained, and this body or volume must be put in motion as well as the 
ship, when the latter turns to port or starboard ; being indeed a hull with double keels 
aft in the place of one as with the usual practice. 

The main object in view with this type was stability for the supports of the tubing, it 
being considered that if they were duplicates of that for the single screw, the end sought 
after would be obtained; which of course occurs, but certainly at the cost of extra 
expense of manufacture, more material, less buoyancy — ^where it is most needed — and the 
formation of surface aft currents which the twin-screw system is particularly adapted to 
avoid ; in fact, it is not too observant to state that the double stem posts as those illus- 
trated, possess more than all the evils of the single kind, with but part of the uavantages. 

p 
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A better arrangement for the supports is shown in Plate 14, where the stern tubing 
is not only built with the hull, but supported at the extremities by brackets of the shortest 
angles, also illustrated by Fig. 29, in page 104. 

As before stated in 



page 102, webs of plating 
to connect the tubing for 
its entire length to the 
hull, are very suitable 
and likewise dispense with 
the brackets also, so that 
although brackets eclipse 
the double stem posts, 
they are superseded by 
the web connexion, which 
can be either of single or 
double plating, vertically 




Messrs. Dudgeon's Web and Bracket 
Supports for Twin-Screw Tubing. 

Kg. 31. 



the hull. As a compromise, 
however, the arrangement 
by Messrs. Dudgeon is 
worthy of attention as 
illustrated by Fig. 31. 

This arrangement is 
a happy medium both in 
principle and practice ; 
the web is horizontal, also 
the lower arm of the 
bracket, while the upper 
is at an angle ; this latter 
portion depending of 
course on the form of the 



or angularly secured to 
hull. The object in view with this example is that the angles of the brackets shall be of 
the shortest lengths and the web also, connecting the tubing to the hull from the bracket 
to the aft bulkhead. 



Having described 
the most modem 
practice for the sup- 
ports, we will next 
turn attention to the 
detailSjbeginning now 
with the shaft bear- 
ing and boss con- 
nexion. An arrange- 
ment by the author 
adopted with suc- 
cess, is illustrated by 
Fig. 32, which is 




Burgh*s Shaft Bearing and Bracket Connexion 

for Twin Screws. 

Fig. 32. 



formed of three ma- 
terials : gun metal, 6; 
wrought iron, W; and 
cast iron, C. 

The bracket is 
bored out to receive 
the tube and the nut 
at the extremity ; the 
nut securing both the 
bracket and the tube ; 
inside the latter is 
another tube of gun 
metal held in position 



by studs, which secure the nut also. The main feature is, that the shaft is channelled or 
grooved longitudinally to form water passages throughout the length of the bearing ; the 
fluid acting as a lubricant. To ensure that a continual passage of the water occurs, the 
flange of the bearing tube is slotted similarly as the shaft is grooved — as shown in the 
end view — and the main tube beyond the bearing has holes in it, depicted in the section. 
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Another arrangement, constructed by Messrs. Dudgeon, embracing the principles 
entertained in the previous example, is shown by Fig. 33. 




Messrs. Dudgeon's Shaft Bearing and Bracket Connexion for Twin Screws. 

Fig. 33. 

The bracket and tubing are connected as in the other case ; but the bearing here is 
composed of lignum-vitaa strips with water spaces between them as shown in section by 
the end view. The tubing containing the strips is of gun-metal, also that directly in 
contact enclosing the shaft. To prevent any lateral disturbance two rings are secured 
by studs at the extremities of the main tubing and the bearing proper. 

The shaft tubes for twin-screws, are generally as those illustrated in Plate 14, 
with a stuffing box formed at the inner or forward end, and a gland to correspond ; 
the securing flange in connexion with the plating of the hull receives the gland studs 
as well as the securing bolts and nuts. 

In cases where the lignum-vitaa strips are not used directly behind the stuffing boxes, 
the tube is lined with gun metal, and the shaft surrounded with it also for a certain length, 
thus forming a long bearing, while in other examples the gun metal around the shaft is 
omitted and wrought iron on gun metal forms the bearing. 

Threb-Bladed Twin-Sobew Propeller, pitted to the Greek Gunboat "King George," 
BY THE Thames Iron Works Company, Plate 15. — This plate illustrates an end elevation of 
the propeller, which is the three-bladed type with adjustable blades ; above this view a side 
elevation of one blade is shown. And the plan of that and the boss is on the left hand, 
directly under the elevation is the transverse sections of the blade and an enlarged 
section of the boss and flange connexions. As this class of propeller is becoming popular 
we shall describe in detail these three features ; the formof the blade — ^means for its adjust- 
ment — ^and the mode of the flange connexion. 

The form of the blade is not shown in flattened outline but in the end elevation only, 
the leading comer is curved with a large radius, and the following comer but slightly 
rounded oflF, the straight edges of the blade are not radial, as with other examples we 
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have described. It will be noticed that about this outline there is a dotted segment, which 
represents the imaginary form of the blade in this view before it was shaped as repre- 
sented. The use of this segment is to produce the plan of the blade in connexion with a 
series of right angle triangles as shown ; the method is this : the angle A A, is that of 
the top of the blade when it is set at the constructing pitch ; the angle nearest the centre 
being that of the boss connexion ; the horizontal distance between A A, is the length of 
the blade on the line of keel. The arc A is next described, and the length of its chord 
determined from the vertical length between A A, in the plan ; from these points or limits 
the arc ia connected by radial lines to the centre of the boss, and thus the segment is 
constructed as shown. 

The arc a is then drawn, which is at the root of the blade ; the chord of this arc 
is then formed and one half of it used as a radius in the plan to indicate the vertical 
positions of the angle a, which also is the angle of the blade at the root, at the same 
pitch as the top edge. Next the length on the radial line between the arcs A and a is 
divided into six equal parts and arcs are drawn to depict the divisions. Similarly the 
vertical space between the points A and a are divided, and the divisional points joined by 
angles or lines ; then as the chords of the arcs A and a are equal to the vertical distances 
between A A and a a, so does the chord of the arc / refer to the height between//, and 
the chord e to the space between e e^ and so on consecutively ; this method of projection 
is really the same in principle as that already investigated in Chapter 6. 

Leaving now the connexion of the segment with the triangle, we must proceed next 
with the formation of the blade in plan ; there are, of course, as already explained, two 
modes of doing this, either from the flattened outline of the blade or the end elevation. 
Supposing the latter to be adopted, it is but a matter of squaring down the points of inter- 
section of one view to the other, as shown by the relation of the plan to the horizontal 
blade which the dotted connecting lines depict. 

Although the flattened outline of the blade is not given in elevation, the extreme 
transverse sections are represented. The lengths of each portion are taken from the plan ; 
being the angular distances between the intersections of the angles with the outline of the 
blade, on the line of the angles, also the only case where these lengths are utilized for 
geometrical purposes. The several thicknesses are taken from the sections of the length 
of the blade ; the arc intersection determining the thickness for each. 

The next portion of the present example which we have allotted for particular notice 
is the means for adjustment. The firm position of the blade on the boss is of course the 
first attainment in this matter, and secondly the adjustment. 

To put this in a concise and practical form, an enlarged sectional view, of the boss 
together with the flanges of the blades, studs and nuts is shown at the foot of the 
plate, and the number of the studs are seen from the plan. 
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diamberB connect it on the outside, so that a complete web is formed stretching from 
one propeller shaft to the other through the vessel. The chambers may be complete 
tabes, and in this case the web which connects these tubes to the vessel on each side will 
be single and will be riveted to the tube from end to end. A vertical bulkhead opposite 
the brackets is introduced to farther increase the stiffness of the frame. It sometimes 
occurs that the tubes in which the screw shafts are encased are of gim metal, but more 
often of cast iron ; they pass from end to end of the chambers, through the bulkhead in 
front, and through the eyes of the brackets at the back, and behind the eye of the 
bracket, each tube receives a screw nut, which securely fixes it by drawing a flange at its 
forward end against the face of the bulkhead. The propeller shafts are clothed with 
brass as usual, and pass through stuffing boxes at the front of the tubes and in bearings 
at their aft ends ; most of these particulars are shown in the plate. 

Natuee op the Strains to be Resisted bt the Supports poe Twin-Sceew Shaptino. — 
Having proceeded thus far with the mechanical matters we will dilate a little now on the 
nature of the strains that result from the motion and position of twin screws, which will 
show also the resistance required from the supports and stem tubing. To put this in the 
most simple form for investigation, we will assume that a screw is fixed on the end of a 
shaft, that is supported at the opposite extremity, or at least some considerable distance 
firom the screw, it is obvious that the weight of the shaft and its appendage will cause the 
former to deflect more or less according to the proportions of both of the details. Now, 
if the shaft is put in rotative motion the screw will revolve also, and its action will be more 
or less centriftigal; due of course to the radius and weight of the blades and their 
Telocity. The shaft also will partake of this effect in proportion to its unsupported 
length and weight ; so that as the centrifugal force is the main effect from the motion, 
the screw will not only revolve on its own axis, but also revolve around a circle whose 
diameter will be due to the weight and speed of the material, also to the strength of the 
shaft in proportion to its imsupported length. We may therefore justly conclude theore- 
tically that the nature of the resistance required from the stem tubing and brackets is 
very nearly constant at all points or angles from the centre. In practice, however, this is 
not the case ; because the shaft is held in position by the bearings ; and, therefore, as the 
oentrifiigal force is resisted, the weight of the moving mass rests on the lower half of the 
bearing's diameter, which of course accounts for that portion of the surface wearing more 
than the upper ; for obviously if the shaft were loose in its bearing, it would not only 
revolve on its axis, but also attain a centifrugal action, and thus the lower surface of the 
bearing would be relieved from the constant pressure on it. 

Thus far we know the effect or nature of the strains that is due to the motion of the 
propeller ; but as this is only a portion of the whole to which the supports are subject to» 
our remarks now follow on to the action of the water also. 
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modes of the flange connexions are not all the same, two being duplicates, and the third 
a separate arrangement of surfaces ; the cause for this is that the securing key of the 
boss passes laterally through the shaft, and thus one flange seating must be formed 
accordingly; the boss is fiirther secured by the nut at the afli end, which is keyed 
laterally also. The flange nuts and studs are much the same as those in the last 
example, with the holes in the flanges elongated, to suit the shifting of the blade. 

Twin Scbew-Pbopellebs fob Steam Yachts and Launches. — Although two classes of 
boats are stated in this heading, we may mention, to begin with, that the propellers for 
each are alike, as a rule, with few exceptions, which are, in consideration of the draught of 
the hull and the tonnage of displacement. Of course, whether the hull is for a yacht or 
a launch, the proportions for the propeller should be that to attain the greatest speed for 
the hull with the least power exerted ; so that in dealing with this matter the distinction 
between the yacht and the launch, when both are of the same dimensions, is not worth 
alluding to for the present purpose in view. 

The propellers for yachts now mostly in use are either two, three, or four bladed, and 
the diameters range from 18 in. to 3 ft. ; in some cases 3 ft. 6 in. ; but seldom more than 4 ft. 
The blades and boss are generaUy in one casting ; here and there adjustable blades have 
been preferred ; but, as their area is small and the speed is great, there is not much 
advantage derived from altering the pitch a few inches more or less, to say nothing of the 
first cost, and trouble after, to be able to do so. When an owner of a yacht requires 
speed, with the least liability for the break down of the propeller, the more simple that 
instrument is the better ; for it might often occur that the time expended in altering the 
pitch would never be made up by the result of that operation. 

The propellers for " launches " axe usually about 2 ft. 6 in. in diameter, and 3 ft. to 
4 ft. pitch, with three or four blades cast with the boss. As the arrangement of the boiler 
and engines for these boats have received considerable attention, by the leading firms, to 
reduce the weight of material, &c., we will explain how this is effected before proceeding 
to other matters in connexion with the present subject. 

Messrs. Penn and Messrs. Maudslay adopt locomotive boilers with the steam dome 
over the fire box. The engines are inverted direct acting ; single piston rods with bracket 
guides beyond the connecting-rod pin. Messrs. Penn situate the slide valves between the 
cylinders, while Messrs. Maudslay prefer to put them fore and aft. Each pair of engines 
are secured to the shell of the boiler at the fire-box end, so that the stoker can be the 
engineer in charge also. 

Messrs. Rennie prefer a single inverted engine for each screw, direct acting with 
double side guides for the piston rods. The boiler is the return tubular type, there- 
fore the chimney is over the fire door, the engines are each secured to the sides of the 
boiler at its aft end, instead of forward as by Messrs. Penn and Maudslay. Another 
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A better arrangement for the supports is shown in Plate 14, where the stern tubing 
is not only built with the hull, but supported at the extremities by brackets of the shortest 
angles, also illustrated by Fig. 29, in page 104. 

As before stated 




m 
page 102, webs of plating 
to connect the tubing for 
its entire length to the 
hull, are very suitable 
and likewise dispense with 
the brackets also, so that 
although brackets eclipse 
the double stem posts, 
they are superseded by 
the web connexion, which 
can be either of single or 
double plating, vertically 
or angularly secured to 
hull. The object in view with this example is that the angles of the brackets shall be of 
the shortest lengths and the web also, connecting the tubing to the huU from the bracket 
to the aft bulkhead. 



Messrs. Dudgeon's Web and Bracket 
Sapports for Twin-Screw Tubing. 

Fig. 81. 



the hull. As a compromise, 
however, the arrangement 
by Messrs. Dudgeon is 
worthy of attention as 
illustrated by Fig. 31. 

This arrangement is 
a happy medium both in 
principle and practice ; 
the web is horizontal, also 
the lower arm of the 
bracket, while the upper 
is at an angle ; this latter 
portion depending of 
course on the form of the 



Having described 
the most modem 
practice for the sup- 
ports, we will next 
turn attention to the 
details,beginning now 
with the shaft bear- 
ing and boss con- 
nexion. An arrange- 
ment by the author 
adopted with suc- 
cess, is illustrated by 
Fig. 32, which is 




Burgh's Shaft Bearing and Bracket Connexion 

for Twin Screws. 

Fig. 82. 



formed of three ma- 
terials : gun metal, 6; 
wrought iron, W; and 
cast iron, 0. 

The bracket is 
bored out to receive 
the tube and the nut 
at the extremity ; the 
nut securing both the 
bracket and the tube ; 
inside the latter is 
another tube of gun 
metal held in position 



by studs, which secure the nut also. The main feature is, that the shaft is channelled or 
grooved longitudinally to form water passages throughout the length of the bearing; the 
fluid acting as a lubricant. To ensure that a continual passage of the water occurs, the 
flange of the bearing tube is slotted similarly as the shaft is grooved — as shown in the 
end view — and the main tube beyond the bearing has holes in it, depicted in the section. 
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I SCREW PROPELLER FOR THE CREEK GUNBOAT "KING GEORGE" 
I Constructed by the THAMES IRQNlirORKS COMPANY. 
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Another arrangement, constructed by Messrs. Dudgeon, embracing the principles 
entertained in the previous example, is shown by Fig. 33. 




Messrs. Dudgeon's Shaft Bearing and Bracket Connexion for Twin Screws. 

Fig. 38. 

The bracket and tubing are connected as in the other case ; but the bearing here is 
composed of lignum- vitsB strips with water spaces between them as shown in section by 
the end view. The tubing containing the strips is of gun-metal, also that directly in 
contact enclosing the shaft. To prevent any lateral disturbance two rings are secured 
by studs at the extremities of the main tubing and the bearing proper. 

The shaft tubes for twin-screws, are generally as those illustrated in Plate 14, 
with a stuflBng box formed at the inner or forward end, and a gland to correspond ; 
the securing flange in connexion with the plating of the hull receives the gland studs 
as well as the securing bolts and nuts. 

In cases where the lignum-vitsB strips are not used directly behind the stuflBng boxes, 
the tube is lined with gim metal, and the shaft surrounded with it also for a certain length, 
thus forming a long bearing, while in other examples the gun metal around the shaft is 
omitted and wrought iron on gim metal forms the bearing. 

Theeb-Bladed Twm-ScBEW Pbopbllee, fitted to the Greek Gunboat "King Geobge," 
BY THE Thames Ieon Wobks Company. Plate 15. — This plate illustrates an end elevation of 
the propeller, which is the three-bladed type with adjustable blades ; above this view a side 
elevation of one blade is shown. And the plan of that and the boss is on the left hand, 
directly under the elevation is the transverse sections of the blade and an enlarged 
section of the boss and flange connexions. As this class of propeller is becoming popular 
we shall describe in detail these three features ; the formof the blade — ^means for its adjust- 
ment — ^and the mode of the flange connexion. 

The form of the blade is not shown in flattened outline but in the end elevation only, 
the leading comer is curved with a large radius, and the following comer but slightly 
rounded oflT, the straight edges of the blade are not radial, as with other examples we 
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and subsequently, under his auspices, my opinion was confirmed by a more intimate 
acquaintance with its mechanical advantages, especially when applied to large ships. 
Since which time I have been a persistent advocate of the system, and more particularly 
that application of it which he origmated, and which I still believe to be the simplest and 
most efficient. In the course of this article I have brought forward several inventions of 
my own that have been suggested by experience, which I trust may be found to contribute 
to the further development of the principle. 

The only object that appears to have been contemplated in the early application of 
the twin-screw system was a greater development of engine power in vessels of light 
draught than could be attained with the single screw, the remarkable manoeuvring 
power, and other capabiUties being either overlooked or unappreciated. 

At the discussion of my first paper on this subject, at the Royal United Service 
Institution, in 1862 — ^which was based on practice in 1859 — ^the existence of these 
qualifications was absolutely denied by those who, having constructed vessels with two 
screws, were deemed " authorities," their opinions thus carried imdue weight, and con- 
siderably retarded the adoption of the system for a time. 

I mention this circumstance merely to show the state of opinion, even at that 
period. 

Passing over a host of objections which have been raised from time to time by 
prejudice or scepticism, such as complexity of engines, increased friction, loss of space, 
difficulty of construction, &c., all of which have been scattered by recent practice, I con- 
sider the principal obstruction to its adoption was the conmiercial inconvenience involved 
by the change of patterns of engines, added to the usual disinclination to depart from old 
institutions and to abandon pre-conceived notions of excellence. This, however, is at last 
overcome ; the first engineering talent has been applied to the design and arrangement of 
twin-screw engines, and naval architects, both at home and abroad, have at last deemed 
the matter worthy of their serious consideration. 

We are indebted to the ability and enterprise of the Messrs. Dudgeon for the first 
application of this system on a large scale, in their successfiil endeavour to produce a 
vessel combining all the requirements of the blockade runner, which gave great pro- 
minence to the subject, and established its value for ocean navigation. It affords me 
very sincere pleasure to add my testimony in confirmation of many of the facts recorded 
by them in this work. 

It is very unfortunate that the examples furnished by the Admiralty practice have 
not been equally successful ; but no one conversant with the subject ever expected a 
satis&ctory result from the designs adopted in their construction. So imfavourable, indeed, 
are they, as to have revived doubts, which were even cited in Parliament witii a view of 
preventing the further adoption of this valuable system. 
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Ekvations of tlie after body of H.M. Gnn-Tessoh Viper and Vixen ^ 

Fig. 34. 

Figs. 34 and 35 represent tlie designs referred to, the former being that adopted in 
tke Vijter^ Vixm, and Mocket, the latter being one of the composite gimboats just 
complete* 

It appears that tiotwithgtanding the many successful examples on record, doubts are 
frill expressed as to the applicability of this system to ships of large dimensions and deep 
draught, I have always contended " that the larger the ship the more will the advantages 
of tht system be manifested,** principally for the following reasons; — Division of the 
ponderous engines, in which the parts being smaller are made with greater perfection, 

out of water in 
pitching* This du- 
plex arrangement en- 
hances the safety and 
efficiency of the ship, 
which in case of a 
break down of one 
set of boilers or ma- 
chinery, has still suffi- 
cient power remain- 
ing to ensure her 
safety ; whereas should 
a similar contingency 
occur to a single* 



tarn portable if re- 
qinring repair and 
le© liable to injury 
^tn in motion. 
!feper immersion of 
flii screws, which 
iwHug under a 
pater head of water 
^ produce a more 
BBiftirtn and better 
*fict ; less possibi- 
% of being lifted, 
ttl less liability to 
fcrf, or to be lifted 




Plan of th« latest Method adopted by the Admiralty 
for supfkorting the shafting of Twin Serews as fitted to 
the guu-?essel Hoc kit. 

Fig, 35, 

•«tw ship she would be totally disabled as a steamer; and be at Jhe mercy of the 
*iid and sea. 
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A most conclusive example in illustration of this has lately been afforded in the 
total break down of the Atrato paddle steamer of 800 horse power. Length 336'6 ft. 
Breadth 40*9 ft., and 1969 tons, which, being of such recent occurrence, cannot fail to 
have its due weight. Compare the result of this imtoward and costly accident with that 
of the Rtuzhine, a twin-screw steamer of 350 horse power, and 1596 tons. In her case 
both engines broke down during a gale of wind on her passage home from the West Indies, 
but being precisely similar in all their parts, one engine was made perfect, and the ship 
performed her voyage home at a speed of seven knots. 

The difficulty of manoeuvring, if not the positive unsafety of long single-screw ships 
in narrow waters, has led to a return to the old type of short long-heeled ships in Her 
Majesty's service, which though necessarily turning in a shorter space, do so at the expense 
of sea speed, weight carrying capabilities, steadiness of platform, and sea-going qualities. 

The balanced rudder has been added as a further means of turning quickly, which, 
though acting well under steam, is not to be relied upon under canvas, and being a more 
delicate instrument than the ordinary rudder, is more liable to injury. But all these 
concessions and additions, involving complexity and expense, fail to attain that unerring 
certainty of turning in either direction on the centre that is secured by the twin-screw 
system, wherein, if a difficulty arises, the propelling power becomes the steering agent, 
which acts instantaneomly on the ship^ whether at rest or moving ; whereas with the single 
screw, motion is absolutely necessary to steerage, and even then the action is by no means 
certain. As much misapprehension exists with regard to this " turning power," it may 
be as well to observe that in action or in narrow waters, where the ship's course has to be 
reversed suddenly to avoid danger, or outmanoeuvre an antagonist, the power of pivoting 
on the centre possessed by twin screws is invaluable and utterly unattainable with a single 
screw. It is the " turn half round" end for end, or winding, as it is termed by sailors^ 
that is so valuable ; the " whole turn" being obviously unnecessary. A single-screw ship 
must of necessity describe a circle in performing this evolution, which may be impossible 
in narrow water, whereas a twin-screw ship performs the evolution on her centre, keeping 
" end-on " to her antagonist, being under such perfect command of her screws, that 
her head may be turned to starboard or to port at will by reversing the engines, which 
act instantaneously and unerringly on the ship's head. The Naugatuck^ American twin- 
screw gimboat, relied entirely on her screws for pointing her fixed gun, making capital 
practice. I exhibited this manoeuvre to the Lords of the Admiralty in July, 1864, in the 
Itapefica, twin-screw, built by Messrs. Dudgeon, which they kindly lent me for the 
purpose. It has recently been put forward as a novelty in the Nauiibis 1 1 \ 

Did space pennit, numerous instances might be cited in corroboration of thej 
important power of steering and manoeuvring by means of twin-screws. A remarkable 
example was afforded in the Ruahine^ when going down the Thames at a speed of eleven 
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knotSi wind aft, her course was suddenly stopped, and her head brought up the river in 
two minutes by reversing one screw. After picking up a boat, the opposite screw was 
reversed, and her head turned down the river again. This evolution is unparalleled in 
the annals of steam-ship performance, and would never have been attempted by a ship 
with a single screw under similar circumstances. Her length is 288 ft., and the space she 
had to turn in barely 250 yards. 

Although we are constantly reminded that a few turns of a rope's-end, and other 
contingencies equally contemptible, will inextricably foul the largest screw-propeller unless 
fitted to lift — ^its only chance of being cleared — ^it has been deemed advisable to dispense 
with lifting the screw in many instances. This I consider a fatal mistake in the 
construction of a ship of war, and is a sacrifice involved by the single-screw system that, 
I believe, will be attended with serious consequences, either in action or on a lee shore. 
We are informed that this plan has been adopted with a view of ^ving greater strength 
to the aftier-body, and to enable tillers to be fitted instead of yokes, which have proved 
inadequate for steering these enormous fabrics. It was to remedy this serious defect that 
I designed the method for lifting twin screws, shown in Plate F. The screws are 
lifted through apertures in either quarter, the central strength of the ship remaining 
unimpaired. There being no space in the deadwood, as in the single-screw ship, the water 
flows direct to the rudder instead of escaping through the aperture. The steerage is 
therefore as perfect as in a sailing ship ; the long tiller is adopted without any sacrifice, 
and works freely between the well trunks, as shown by Fig. 36. No additional rudder 




45° 45° 

Trunk. Tiller. Trunk. 

Plan of position of Screw apertures with the Tiller between them. 

Pig. 36. 

surface is required, or application of steam, or hydraulic power to actuate it. This 
arrangement for lifting twin screws may be described as follows : The screws are fixed 
upon short shafts, which are enclosed in long bearings composed of two half carriages. 
These carriages are enclosed by strong vertical guide frames, which attach the ends of the 
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tubes surrounding the main shafts to the bottom of the ship, forming a support to the 
whole. The space between these guide frames is strongly plated, forming trunks up 
which these carriages slide when the screws are being lifted, the screws passing up into 
their respective wells on either quarter. An ordinary " cheese " coupling is fitted to each 
of the inner ends of the short screw shafts, the corresponding halves being fitted on the 
ends of the main shafts, which are led through a transverse bulkhead within the tube, 
and fitted with a stuffing box. 

Many difficulties occurred to me in designing this arrangement for lifting overhung 
screws, which are unnecessary to explain in these pages. They have, however, disap- 
peared by the experience gained in the Far East — a ship of 1300 tons, fitted on this 
principle by Messrs. Dudgeon— during several voyages to India and China, when they 
answered perfectly. I have therefore every confidence in the strength and general 
efficiency of the arrangement, and believe it to be the simplest and least obstructive to 
speed or manoeuvring that can be devised for " lifting screws" in single keeled ships. 
I am indebted to the courteous assistance of Messrs. John Penn and Sons for the 
mechanical drawing of my invention for lifting twin screws as shown in Plate F. 

I originaDy designed this for ships fitted with two keels, and two rudders, on the late 
Mr. R. Eoberts's principle — a method I prefer for reasons hereaft;er stated. On this plan 
the screws are also overhung, being supported and attached to the hull on either quarter 
in the same manner as shown in Plate F. The central deadwood and rudder being 
substituted by two keels which are fitted under the tubes or trunks of the screw shafts, 
and are continued as far as may be necessary, as shown by Fig. 37. They may be con- 




Elevations of the after body of a Gun-yessel fitted with lifting Twin Screws, on Capt. T. E. Symonds* principle. 

Pig. 87. 

structed like the ordinary bilge keels applied to ships of war, or in the form of cellular 
girders ; the rudders are attached to the after extremities of these keels, and are actuated 
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by posts keyed into the rudders which are led through pipes clear of the shaft surmounted 
by a stuffing-box, they are geared together and act in unison or separately, as required. 
These posts can be readily withdrawn in case of accident to the rudder. 

To prevent mistakes, I may mention that there is no point of similarity between the 
arrangement just described and that adopted in the Viper y VixeUj and Rocket^ shown by 
Figs. 34 and 35, in page 115, beyond their haying two rudders and two screws. The 
" designer" of those former vessels having so far recognised the principle I have advocated 
since 1862 in preference to the " bracket and single keel." My arrangement is equally 
strong, less complex, and lighter, with less area of resistance to turning, than the Viper 
and Vixen^ as may be seen by a reference to Fig. 37 ; the after stemposts and portions of 
the deadwoods as applied in those vessels being dispensed with, and there is also a free 
course left for the water through the triangular space before the lifting frame, also shown 
by Fig. 37. The rudders and steering gear being at a much greater depth, are less liable 
to casualty, and being constantly submerged, the working area is constant. The efficiency 
of this description of rudder has been amply proved for many years in the single-screw 
steamer Caroline^ employed in laying sub-marine cables. 

This form and arrangement obviates the necessity for the device resorted to in some 
single-keel ships for protecting the rudder head by an armour-plated ** knuckle," which 
adds greatly to the weight of the after extremity, and being submerged retards the delivery 
of the water, and acts injuriously on the speed of the ship. 

As twin screws act instantaneously as a steering power upon a vessel when at rest, 
the objection to the screw abaft the rudder vanishes, it being in all other respects advan- 
tageous. Vibration is imknown in those ships having the screw in that position, and it 
is less liable to foul ; if fouled it is more easily cleared. 

Now the designs of the Viper and Vixen — ^Fig. 34— are in fact an adaptation of the 
stems of two single-screw ships to one hull, entailing an arch or '^ tunnel" between the 
deadwoods that reduces the displacement and involves increased weight and distortion of 
the aft«r body, whereas the after body in my ship is elliptical, which is the simplest of 
construction, the strongest, most buoyant, and the form best calculated for a clear 
delivery of the water. 

Although the method of supporting the screw-shaft with "brackets" has been 
adopted to the exclusion of all other methods, by Messrs. Dudgeon and other builders, it 
has always appeared to me an unmechanical expedient which certainly invites fouling, and, 
to some extent, must be an obstruction to the speed of the ship. The two arms of the 
bracket are immediately before the screws, they must therefore displace or disturb the 
water to a considerable extent just as it reaches them. The advocates of the bracket 
system admit the imperfection of this application by stating that "they make the 
brackets so as to offer as little resistance to the water as possible.^ 
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The arrangement of the bracket system, as applied in the composite gunboats before 
referred to, is open to still fiirther objection ; the tube or trunk represented by dotted 
lines by Fig. 35, in page 115, being terminated abruptly as shown, which causes an ad- 
ditional obstruction of a serious and compound nature, i.e.^ not only by creating a great 
" disturbance*' in the water previous [to its reaching the brackets, where it is again 
churned up, but by creating dead-water, or drag, in the wake of those abrupt terminationfl 
of the tubes. 

Moreover, these tubes have been found in practice to conduce very materially to the 
general steadiness of the ship. 

I have always advocated the adoption of the " gusset-plate,*' or *' web '* in preference 
to the " bracket," but although highly commended, it has never been adopted. By this 
arrangement the attachment extends along the entire length of the tube, and is conse* 
quently distributed over a larger surface of the body of the ship, thereby imparting ad- 
ditional strength and rigidity to that part of the body acted upon more directly by the 
motion of screws, instead of being secured at a point at the extremity of the tube, as 
in the bracket system ; there is also less resisting surface opposed to the speed of the 
ship, less liability to foul, and the flow of water to the screws less impeded than by the 
brackets, the only resistance being due to Motion. 

Plate G is an illustration of this arrangement in a composite vessel, having non- 
lifting screws, in which the gusset plate, or web stands at an angle of about 45^ with 
the vertical plane of the ship, which is the shortest distance between the points of attach- 
ment, and therefore the strongest, and is the most favourable for the admission of the 
water to the inner blade of the screw ; it wiU also contribute to the stability and steadiness 
of the vessel. In fact, these webs may form continuations of the bilge keels usually fitted 
for that purpose. 

The ends of the tubes that enclose the bearings of the shafting are fitted with metai 
caps which retain the outer ends of the planking or sheathing, having a flange over- 
lapping to cover or close the space or joint between the bosses of the propellers and the 
bearings, so as to prevent objects being drawn in that may interfere with the action of the 
screws, the fore ends of the bosses of the screws being so formed as to facihtate this object. 
A similar arrangement can be carried out in an iron vessel, as shown in Plate G. 

It may prove preferable under some circumstances to perforate these webs, or to 
construct them with lattice work, in which case although the " turning*' from the ship 
would be facilitated, I believe a better result in speed would be obtained without the per- 
foration, as in that case there would be no obstruction to the passage of the water, the 
same argument applies to the triangular space left between ^the lifting frame and bottom 
of the ship, as shown in Plate F, and Fig. 37. 

Assured of the advantages of this system, I submitted the design, as shown in 
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Plate P, to the Admiralty for fitting it to the gunboat Rocket^ then building at the yard 
of the London Engineering and Iron Ship Building Company, Limited, which was 
approved, and permission was given to apply it ; however, the construction of that vessel 
was too far advanced to take advantage of it when the intimation was received. 

With regard to the difierence of opinion which exists as to whether twin screws 
should turn " inwards ** or " outwards," my experience leads me to prefer the " outward 
turn,** whether in single or double-keeled ships. In single-keeled ships, the rudder being 
abaft the screws, the streams or columns of water delivered by them would be convergent 
on the rudder, and thereby increase the steering power ; whereas on the " inward turn " 
the stream would be divergent. Secondly, on the outward turn the columns of water 
acted upon by the screws would move in the natural course of replacement, thereby 
tending to give additional support to the stem ; whereas the inward turn would divert 
that stream from its course, and tend to deprive the stem of its necessary support. 

I submit that the method of construction I have referred to and illustrated by 
Fig. 37, at page 118, is free from the objections raised on both sides of the argument. 
The deadwood being removed, an uninterrupted column of water is admitted as directly 
to the inner as to the outer blades of the screw, thus producing uniformity of action, 
which tends to reduce vibration ; and there being nothing to interfere with a clear delivery 
of the water, a good mechanical result may be anticipated. 

It is to be regretted that the opportunity afforded in the construction of the six 
gunboats lately built for Her Majesty's service should not have been taken advantage of 
to decide so important a question by experiment, especially as it might have been done 
at a trifling increase of the expense abeady incurred. 

Experiment is, after all, the only true way of dealing with a subject on which there 
exists such a diversity of opinion, and that must be, to a certain extent, of a speculative 
character, from the variety and complication of circumstances by which it is surrounded. 

It is therefore not only a matter of interest to science, but of the greatest importance 
to the country, both as regards the cost and efficiency of our navy, that a method of pro- 
pulsion which offers so many advantages and is now being adopted in some thousands of 
tons of our new war ships of various classes, should be tested by an open and fair compe- 
tition of each method, for there can be very little doubt that the efficiency of the " Fleet 
of the Future," no matter whether it be constructed on the broadside or turret system, 
will depend very materially on a simple and well-considered application of the twin-screw 
principle. 



Digitized by 



Google 



122 MODERN SCREW-PROPULSION. 



CHAPTER XI. 

a desobiftion of modern scbew-pbopellebs gonstbuoted bt the mostt eminent 
marine engineers op england and scotland. 

By N. P- Burgh. 

THREE-BLADED Screw-Propeller pitted to the Peninsular and Oriental Company's 
Steamship " Surat," by Messrs. Day and Co. Plate 16. — This propeller, although 
the common type, resembles that illustrated by Plate A, opposite to page 7, in this work, in 
the introductory chapter by Mr. 6. B. Rennie. The relation of the two examples pertain 
chiefly to the forms of the flattened blades, which are very nearly similar : the difference 
being in the proportionate width of the blades at the boss. The width across the widest 
part of the blade is 2 ft. 8 in. in Plate A, and in this Plate, 16, it is exactly double, or 
5 ft. 4 in. : the widths at the tips also are nearly of the same ratio : that in Plate A is 
1 ft. 1 in., but in this Plate it is 2 ft. 4 in. : being a slight excess over the double propor- 
tion. The diameters of the screws partake also of the same relation : in Plate A the 
diameter is 8 ft. 6 in., and in Plate 16 it is 18 feet : the pitches of the former screw are 
from 9 ft. 6 in. to 13 ft. 6 in., while for the latter they are 22 ft. to 27 ft., so that they do 
not bear the same relation to each other, proportionately, as the diameters and the 
widths of the blades. The bosses, however, are in the same ratio as far as their 
diameters : that in Plate A is 2 ft. 3 in., or half of that in Plate 16, which is 4 ft. 6 in. ; 
but the lengths bear no relation to each other of the same proportion. Of course the 
blade in Plate A has a lean-to forward, but this in Plate 16 inclines oppositely or aft. 

The modes of securing the blades to the bosses are alike in each example : in the 
Plate 16 this is most clearly depicted in the sectional elevation, also in the end view and 
the plan ; together with one bolt and nut and sections of portions of the flange and boss 
at an enlarged scale. The adjustment of the blade is effected by turning it on its seat in 
the direction for the finer or coarser pitch. Each adjusting bolt for securing the blade has 
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a T head which fits across the rectangular holes in the bosses through which the head 
passes : the bolt is then turned around and the square portion of it, directly under the head, 
fits into the hole as shown. The flange of the blade has elongated curved bolt holes of 
sufficient length to allow for the adjustment of the blade. The nuts are the ordinary 
kind, grooved across the top into which the split pin fits to prevent looseness ; as there 
are six grooves the nut can be secured at six difierent angles. 

The form of the outline of the boss and the flange connexions are globular, so that 
the flanges form segments, and the boss a triangular finistrum of a sphere, as shown in the 



end elevation : in the 
sectional elevation the 
sections of the boss and 
blades site clearly de- 
picted, also the shaffc 
and the nut for securing 
the boss on the shaft. 
As this boss is of larger 
dimensions than those 
with the preceding 
three-bladed propellers 
that we have hitherto 
noticed; we therefore 
direct attention to a sec- 
tional plan of it, illustra- 
ted by Fig. 38, which re- 
presents the connexions 




Sectional Plan of the Boss of the Propeller fitted 
to the Steamship Surat^ by Messrs. Day and Co. 

Scale 4 in. = 1 ft. 
Fig. 38. 



of the flange more clearly 
than in the Plate, but 
in this case the bolts 
are purposely omitted : 
the internal arrange- 
ment of the boss is 
merely that it is made 
as hollow as possible, 
compatible with suffi- 
cient thickness of metal 
to ensure equivalent 
strength. The seating 
for the flange is as 
wide as practicable, re- 
ducing thereby the dia- 
meter of the fitting pro- 
jection in the centre of 



the flange. A comparison of the proportions of the widths of the flange seats can be 
arrived at by referring to the section of the boss in Plate 15, as a contrast with this under 
notice, as both propellers are of the same class. 

FOUB-BLADED ScBEW-PrOPELLER FITTED TO THE HaMBUROH AND AMERICAN COMPANY^S 

Steamship " Allbmannu'' by Messrs. DayandCo. Plate 17. — This example is the narrow 
four-bladed class ; the blades and the boss being cast together, therefore the advantages 
to be derived by the adjustment of the blades to alter their pitch are dispensed with, and 
give place to simplicity of construction. The boss is globular, with flattened ends ; the 
shaft passes through it, and is secured at the aft end by a nut. In this case, as in Plate 
16, the boss is hollow, in accordance with the requisite thickness of the metal for sufficient 
strength. This is shown by the side elevation, which depicts also the vertical section of 
the blade, and its length on the line of the keel, and the shape when flattened. 

The shape of the blade is entirely difierent to any we have yet noticed, being a 
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portion of the radial form combined with the outline of the curved type ; so that it can 
be termed " semi-radial," as depicted by the end elevation. The side view of the blade is 
peculiar, on account of the sides being nearly straight from the boss to the tip, with 
scarcely any curve in the outline. 

This class of propeller has produced good results, and for certain forms of hulls is 
particularly appKcable; the objections to its general adoption are, that as the blades 
are cast with the boss, the fracture of one blade disables the propeller in toto as a complete 
instrument, and thus entails its entire removal, with the expense of a new propeller in its 
place ; the non^djustment of the blades, although admitting simple construction, loses 
the benefit of altering the pitch to ensure the best result as far as speed for the hull is 
concerned, which is of course the principal attainment. 

FOUB-BLADBD ADJUSTABLE ScRBW-PbOPBLLER FITTED TO HbR MaJBSTY's ShIP " MiNOTAUB " 

BY Messrs. John Penn and Son. Plate 18. — This plate illustrates the most modem example 
of four-bladed screw-propellers, which Messrs. Penn have lately constructed for some of 
the largest ironclad ships in the Royal Navy. The principles on which the helical form 
of the blades is based are those by M. Mangin ; the geometry of the system is illustrated 
by Plate 6, and explained in page 36. It will be seen that in the present case the pitch 
of the leading half of the blade is 27 ft., and that following 24 ft., making a diflTerence 
of 3 ft. ; the transverse section, therefore, is of two angles, similarly to that illustrated 
in Plate 6. The blades are connected to the boss by studs, which screw into flanges 
especially provided for that purpose. The shape of the boss, although represented as 
square, is curved at the comers, thus blending the circular with the square outline. This 
win be readily understood by referring to the sectional elevation and the end view, the 
former also showing two half blades, and the latter four complete. The flanges of the 
blades are curved about their centre?, the surroimding flat portion being for the stud plates 
to fit on. The number of studs used to secure each blade is depicted by the side elevation, 
which of course is a plan also — a geometrical question that has been explained in page 38. 

The end view of the blades is perfectly radial, with their extremities curved 
by small radii, the side view being a parallel outline for nearly the entire length of the 
blade; we may add that the principle of the geometry of this form has been fuDy 
explained at the commencement of Chapter III. 

The method for securing the boss on the shaft is by two horizontal, or rather 
longitudinal keys, directly opposite each other, and a nut beyond ; this is shown by the 
sectional plan and the sectional elevation ; the former view also depicts the nut on the 
extremity of the shaft in section, and its end and side views are shown by the respective 
elevations of the propeller. This mode of securing the boss on the shaft is a wide con- 
trast with that shown in Plates 11 and 12, where side keys are adopted in preference to 
those longitudinally placed. 
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The remaming feature to be noticed in this example of propeller is the adjusting 
studs and the method Messrs. Penn adopt to ensure their fixture, which reflects credit on 
the part of the designers, being as novel as it is efficacious. It will be seen in the Plate 
that the arrangement is shown separately from the other view at an enlarged scale : each 
flange stud screws into the metal appointed, and passes through the elongated holes in the 
flange of the blade, the heads resting on a flange plate. To prevent these studs from 
becoming loose or unscrewing, the heads of each are surrounded by a ring of metal of a 
suitable thickness : the outer edge of each ring is indented or slotted, thus forming spaces 
and teeth. Between the rings on the pitch line of the main studs are stop studs, having 
square collars, which fit into one of the spaces in each ring, and thereby lock them 
together ; the rings are also farther secured by nuts on the stop studs, holding them down 
on the flange plate. Then, as each main stud head is surrounded by each ring, and the 
latter are connected as described, each set of flange studs are combined together, so that 
one head cannot turn or unscrew its stud without shifting that next to it, and so on in 
rotation from one to the other throughout the set. It will be noticed that each ring has 
eleven slots or spaces on its periphery ; there are, therefore, eleven separate angles to 
which the studs can be screwed up to for securing the flange of the blade to the boss. 

FOUB-BLADED SOBBW-PBOPELLEB FITTED TO HeB MaJESTY's ShIP " AgINCOUBT," BY 

Mbssbs. Maudslay, Sons, and Field. Plate 19. — The example of propeller illustrated by 
this plate is the most modern kind by the firm cited. To' put forth all the particulars of 
it in as practical a manner as would be required for actual construction, we have 
illustrated complete end and side elevations, two sectional views of the boss, and, at an 
enlarged scale, some portion of the details. 

The side elevation is a complete view of the four blades, showing the vertical 
section of one blade, the studs at each side of the flanges, and the curves of the blades at 
their roots, in direct connexion with the flanges, the boss, and the shaft-cap ; also the 
circular portion surrounding the cap, which is the limit of the curved portion of the boss 
to which we referred in the preceding page in allusion to that in Plate 18. The end eleva- 
tion shows the end view of one blade, which of course is its plan also ; the flange with the 
positions and number of the studs ; the side elevations of the upper and imder blades 
with the comer studs, as in the side elevation ; together with the limits of the boss and 
the shaft-cap— it may be added in passing that an enlarged view of a similar cap by the 
same maker is shown in Plate 12 at page 81. In the view imder notice is shown also the 
stem and rudder posts ; the latter and its support in dotted lines across the side eleva- 
tion ; the stem post is in section in fi*ont of the boss, to depict the stern and shaft 
tubing in section, together with the bearing. Prolonged from this is the forward bearing 
for the shaft tube and the stuffing box, both in section also. Directly above this is the 
transverse sectional elevation of the boss, which shows the flange connexion for the 
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CHAPTER XI. 

a db80bipti0n op modben scbbw-propellebs oonsteuctbd by the mofift bminbnt 
marine bngineebs op england and scotland. 

By N. p. Buegh. 

THREE-BLADED Sobew-Propbllbe pirrBD to the Peninsxtlae and Oriental Company's 
Steamship " Surat," by Messrs. Day and Co. Plate 16.— This propeller, although 
the common type, resembles that illustrated by Plate A, opposite to page 7, in this work, in 
the introductory chapter by Mr. G. B. Rennie. The relation of the two examples pertain 
chiefly to the forms of the flattened blades, which are very nearly similar : the difference 
being in the proportionate width of the blades at the boss. The width across the widest 
part of the blade is 2 ft. 8 in. in Plate A, and in this Plate, 16, it is exactly double, or 
5 ft. 4 in. : the widths at the tips also are nearly of the same ratio : that in Plate A is 
1 ft. 1 in., but in this Plate it is 2 ft. 4 in. : being a slight excess over the double propor- 
tion. The diameters of the screws partake also of the same relation : in Plate A the 
diameter is 8 ft. 6 in., and in Plate 16 it is 18 feet : the pitches of the former screw are 
from 9 ft. 6 in. to 13 ft. 6 in., while for the latter they are 22 ft. to 27 ft., so that they do 
not bear the same relation to each other, proportionately, as the diameters and the 
widths of the blades. The bosses, however, are in the same ratio as far as their 
diameters : that in Plate A is 2 ft. 3 in., or half of that in Plate 16, which is 4 ft. 6 in. ; 
but the lengths bear no relation to each other of the same proportion. Of course the 
blade in Plate A has a lean-to forward, but this in Plate 16 inclines oppositely or aft. 

The modes of securing the blades to the bosses are alike in each example : in the 
Plate 16 this is most clearly depicted in the sectional elevation, also in the end view and 
the plan ; together with one bolt and nut and sections of portions of the flange and boss 
at an enlarged scale. The adjustment of the blade is effected by turning it on its seat in 
the direction for the finer or coarser pitch. Each adjusting bolt for securing the blade has 



Digitized by 



Google 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



128 



MODERN SCREW-PBOPULSION. 



plate is the sectional elevational of the boss and two blades — ^the remaining two being 
broken off to economise space. 

The form of the root of the blade is similar to that shown in Plates 18 and 19 ; and 
the central portion of the boss for securing it on the shaft is nearly as that shown in the 
latter plate also. The form of the boss in this case is unlike either of the two others we 
have referred to consecutively ; both of them are curved at the ends beyond the blade 
flanges, but this boss is angularly shaped at that part, as shown by the section through 
G, H. The sectional plan of the boss, which is the section through A, B, is very like that 
view in Plate 19, excepting the taper of the shaft ; the securing keys also do not indent 
into the boss-line of the taper, as in the other case. 

The metal surrounding the shaft is ribbed, to ensure suflBcient strength of material, 
with two ribs transversely and four longitudinally ; the former are shown in section in the 
boss section through A, B, and the latter in the sectional elevation ; another connecting 
rib is shown also in the section through G, H. 

Passing from the boss, we turn to the detailed section of the securing key, which is 
arranged very similar to that illustrated in position in Plate 11, at page 79. The mode 
for securing the key when it is tight is by double nuts, the lower or inner nut fits on a 
washer of peculiar form ; its peculiarity being that, as the lower portion of the washer 
clasps the sides of the key, it cannot turn when the nut is timiing to fix the key. 

As the washer nuts and key are fully illustrated by four views, we can dispense with 
fiirther description of them, and allude next to the details of the adjusting studs, and the 
means adopted to secure them. The illustrations of these are situated between the end 
and side elevations of the propeller ; the flanges of the boss and blades are shown in sec* 
tion, also the flange and stop-plates ; a plan of these details is also illustrated, so that their 
form and arrangement are apparent. The stud and flange plate are as those illustrated 
in Plate 19, but the arrangement of the " stop " plate is widely different : it is that this 
plate fits between each pair of stud heads, and is secured by two set studs ; being, indeed, 
similar in its connexion as that illustrated partly in dotted lines by Fig. 39, in page 126. 

The shape of the blade of the propeller now under notice is the radial kind in eleva- 
tion with the comers curved instead of angular, as those in Plates 13 and 19 ; the helical 
form of the blade is on the " Mangin" principle, which has been abready fiilly explained] 
and illustrated in page 76. 

Having now completed the description of three examples of the most 
adjusting four-bladed screw propellers by the leading firms in England, we will next 
attention to a comparison of the main features in each. 

The outlines of the blades of the propeller in Plate 18, and that in Plate 20, are 
much the same, both are radial, and each have the comers curve^ with nearly equal radS j 
the form at the roots also are alike, and the flange connexions, as shown by the sectiG 
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elevations are the same ; there is a vast difference, however, in the modes of securing the 
bosses on the shafts ; the Minotaur screw boss has longitudinal keys, but the Lord Clyde 
screw boss has lateral keys ; being, indeed, two separate methods at right angles to each 
other. The keys in the Minotaur screw are exposed to a continuous elongated shearing 
strain, but the keys in the Lord Clyde screw are subject to a direct cross shearing strain, 
combined with a tensile strain ; as also those for the screw of the Agincourt, shown by 
Plate 19, The two modes for securing the cross keys are different ; that for the Agincourt 
is by set plates and studs, but for the Lord Clyde it is simply double nuts and washers. 

Next to be compared are the three arrangements for preventing the screw-blade 
flange studs from unscrewing ; the Minotaur has a toothed ring surrounding each head 
and one set stud locks two rings ; the Agincourt has separate set plates and studs with 
three positions to meet the requirement ; and the Lord Clyde has a twin end set plate 
between each pair of stud heads, with two studs to each plate ; so that the three firms, 
Messrs. Fenn, Maudslay, and Bavenhill, have obtained one* acquest by three different 
methods, each claiming separate advantages. 

Having compared the leading features of the details of these propellers, we will next 
compare the latest results of their performances, including that of the propeller fitted to 
Her Majesty's ship Lord Warden. 

TABLE OP THE Leading Propoetions and Peeformancbs op the most Modern 

^ FOUB-BLADED PrOPELLEES USED IN THE RoYAL NaVY. 
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Blade. 


of 
Blade. 
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Ft In. 


Ft In. 


Ft In. 


Ft Ft. 


Ft In. 








Messrs. Penn . . . 


AohiUes .... 


Mangin . 


24 6 


28 


25 


26 6 


24 to 29 


25 5 


Four. 


49 


13-419 


Messrs. Penn . . . 


Minotaur . . . 


Mangin . 


24 


27 


24 


25 6 


23 „ 28 


25 


Four. 


55-913 


14-411 


Messrs. Maudslaj. 


Lord Warden . 


Common . 


23 


None. 


None. 


25 


22-5 „ 27-5 


21 4i 


Four. 


6331 


13-492 


Messrs. Maudslaj. 


Agincourt . . . 


Mangin . 


24 6 


24 lOi 


28 H 


26 6 


2* « 89 


23 3 


Four. 


52-6 


15-433 



Griffiths* Screw-Propeller and Raising Frame fitted to Her Majesty's Ship 
" Warrior " by Messrs. John Penn and Son. Plate 21. — The Warrior is well known to 
be tlie first of our iron clad ships ; equally well known also are the doubts of her success 
as being trustworthy at sea, which were freely expressed before she contested with the 
elements ; the main line of argument against her was, that as experience was wanting 
in the best mode of constructing a hull that carried such a mass and weight of metal 
as plates of wrought iron four to five inches thick ; her failure might be deemed more 
certain than otherwise. The Warrior has, however, proved to be the best sea ship of 
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all the armour-plated hulls that have been since constructed ; for her weU conducted 
behayiour in a sea way has proved that, although perhaps her designers were playing at a 
game of " hit or miss " when they designed her, they have not since followed into as 
successful a groove as they once entered on blindfolded. 

Knowing, as we do, that the propeller and its fittings, mode of connexion with the 
shaft, &c., have much to do with the speed of the ship, we solicited a copy of the working 
drawings of those details from Messrs. Fenn, which are faithfiilly illustrated at a reduced 
scale in the Plate 21. The arrangement of the blade's connexion with the boss is very 
similar to those shown in Plate 10, at page 77 ; the securing key is depicted there at right 
angles with the line of keel, but in the present example it is parallel with it. The form 
of the boss is a frustnmi of a sphere and that of the blades the ordinary Griffiths' type. 

Passing from the propeller we come next to the raising firame ; this portion is illus- 
trated in detail by three sectional elevations and a plan ; the sections in each view relate 
to the bearings for the propeller, which are Messrs Penn's well proved lignum-vit» stripe, 
secured at intervals in a gun-metal tube. Treating first of the forward bearing, it is com- 
posed of Aree wide strips of wood above the centre line, and eleven strips below it ; the cap 
and lower or supporting portion are connected horizontally on the centre line and secured 
by bolts and nuts, two on each side ; and a guide projection ensures that on the descent 
of the frame the lower portion of the bearing shall sit firmly on the bracket for supporting 
it. Next, the aft bearing requires attention ; this has also three wide strips of wood aboTC 
the centre line, but only nine below it ; the connexion of this cap and support is ce»ral, 
and two bolts imd nuts secure them on each side ; a guide projection is also cast on to tlie 
lower portion, as for the forward bearings. As these bearings are fully illustrated, they 
do not require any further description. 

Ascending from the bearings in our notice, we arrive at the cross piece and its fittings. 
This piece is connected to the sides by bolts and nuts ; a plan of them being depicted. 
The stop lever for the blade is shown in dotted lines, also the raising wid lowering screw- 
rod and the catch lever with the spring at its back; of course there are two catch levew 
and ratchets, although one of each is only shown. The complete arrangement of the 
propeller and lifting frame is shown by the plan ; also the form and dimensions of the 
well-hole through which they are raised. 

Leaving this, we turn to the rudder and stem-post brackets, together with the shaft 
tubing imd bearings. The rudder-post bracket is shown in section by two views, the one 
in the sectional elevation, and the other by the tranverse view which is termed the 
** Section at A." This bracket is recessed into the rudder-post aft of the bearing, and 
below it clasps the projection on each side. Of similar arrangement for the connexioo 
also is the stem-post bracket, a section of which is shown in the sectional elevation ; this 
post has a circular projection on it to enclose the bracket on the forward side and also to 
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support the portion tliat surrounds the tubing, and likewise as the rudder-post it has an 
angular projection to support the framing bearing — a transverse section of this is given 
in the view termed the " Section at B.'* 

The coupling for the propeller is the ** cheese" type, which is supported semi* 
circularly on strips of lignum-vitso fitted into channels suitably formed in the brackets ; 
of course the T portion of the coupling is cast with the boss portion of the propeller which 
is of gun-metal, and equally, of course, as the shaft portion of the coupling is of wrought 
iron, it is encased in gun-metal to prevent oxidation on the bearing. 

The stem tubing also is of gun-metal, and fitted at each end for suitable lengths with 
Ugnum-vitad strips which surround the shaft tubing ; at the forward end is the stuflBng- 
boz and gland and the adjusting studs, also the bulkhead plating of the hull. 

Leading on from this is the first supporting block, which is of cast iron and secured 
by wrought-iron studs, bolts, and nuts ; this shaft-bearing portion is lined with soft metal 
to reduce the friction. Beyond this block is the shaft coupling, being two discs forged on 
the shaft and connected together by bolts and nuts— outside of this is the second block. 
The supports for these blocks are frames of plating and angle iron, as shown, connected 
to the hull, but separate from the main structure. 

Directly over the coupling and blocks is the thrust block, shown by a sectional 
elevation and a complete end view ; the shaft bearing is circular internally and externally, 
thus forming a ring in halves ; the block encasing it is square, and divided centrally in a 
line with the ring bearing, and is connected by bolts and nuts. The seating f<^the 
under portion of the block is a plate with two longitudinal vertical ribs, one on each side 
of the shaft, and the base is secured to the hull fr*aming by bolts and nuts. This fruming 
is similar to that for the other blocks ; being a combination of plate and angle iron. 

As the hull to which these details have been fitted has been successfrd, and as we 
have stated, much depended on their arrangement, we record their leading dimensions 
which are compiled from drawings put at our disposal. 

Peopoetions of the Boss. — Diameter, 6 ft. 7^ in. ; length, 4 ft. 7^ in. ; thickness of the 
ends, 2 in. ; thickness of the curved portion, IJ in. ; thickness of the seating for the blade 
flange, 2| in. ; thickness of the keying metal that supports the blade, 3^ in. ; diameter of 
aft gudgeon, 1 ft. 3^ in., length, 1 ft. 9^ in., thickness of metal, 4^ in. ; diameter of forward 
gudgeon, 1 ft. 11 J in., length, 1 ft. llj in., thickness of metal, 7^ in. ; diameter of coupling 
flange, 3 ft. 3 in., thickness, 2^ in. 

Pbopoetions op the Blade. — Thickness at the root, 8 in. ; thickness near the tip, 1 J in. ; 
amount of lean-to, 11 in. ; width at the tip, 3 ft. ; diameter of the flange, 3 ft. 2^ in. ; 
thickness, 2 in. ; diameter of support, 1 ft. SJ in., length, 1 ft. lOj in. ; mean depth of 
secpring key, 9 in., length, 3 ft. 3^ in. 

Peopoetions op the Feamino.— Diameter of forward bearing, 1ft. 11 J in.; widths of 
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lower strips of lignum-vitsB, 2iin. (face) and Sin. (back), thickness, fin.; widths of 
upper strips, 6 in. (face) and 6 J in. (back), length, 1 ft. 8 in., thickness, |in.; thickness 
of tube, li in. ; thickness of supporting portion and cap, 2 in. ; diameter of securing bolts, 
2^ in. (4) ; diameter of aft bearing, 1 ft. 3^ in. ; widths of lower strips of lignum-vitse, 2 in. 
(face), 2| in. (back), thickness, | in.; widths of upper strips, 4 in. (face), 4J in. (back), length, 
1ft. ejin., thickness, |in.; thickness of tube, IJin.; thickness of supporting portion 
and cap, 2 in., diameter of bolts, 2f in. (4) ; diameter of guide projection, 4^ in. ; thick- 
ness of the metal of fore and aft side frames, IJ in. and IJin. ; length of cross piece, 
10 ft. 6 in. ; depth at the ends, 1 ft. 3 in. ; depth at the centre, from the centre of the pulley 
pin, 2ft. 3 in.; diameter of pulley groove, 1 ft. 6 in., width, Sjin.; diameter of pulley 
pin, 4 in. ; length between head and washer, 2 ft. 3 in. ; width of bearing between pulleys, 
1^ in. ; width of outside bearings, 2 in. 

Pbopobtions op Ruddeb-post Bracket. — Radius of supporting portions, 1 ft. 6 m., 
thickness of metal, 2 in., length, 2 ft. 1 in. ; diameter of recessed portion in the post, 10 in., 
length, 12 in., thickness of the metal, 2| in. ; depth of under side flanges, 10^ in., thick- 
ness, l^in. 

Pbopobtions op Stebn-post BBACEET.-^Radius of supporting portion, 1 ft. 11 in., thick- 
ness of metal, 2^ in., length, 2 ft. 7 J in. ; diameter of cheese portion, 3 ft. 7 in., thickness 
of the metal, 1§ in.; thickness of flange. If in. ; diameter of the tubing portion, 2 ft. 6 in., 
thickness of the metal. If in., length, 1 ft. 6 in. ; length of lignum-vitae bearing, 2 ft. 6 in. 

Pbopobtions op Stebn Tubino. — ^Diameter of aft bearing, 1 ft. 10| in. ; length of bear- 
ing, 4 ft. 6 in.; width (face) of lignum-vitae strips, 3^ in., width (back), 4 in., thickness, I in.; 
thickness of tubing 2 in. — ^forward bearing, diameter, 1 ft. lOj in. ; length, 1ft. 3 in. ; 
width (face) of lignum-vitse strips 3^, width (back), 4 in., thickness, | in.; thickness of 
tube 2 in. ; thickness of shaft tube at bearings, 1\ in., and at the hollow portion between 
the bearings | in. thick. 

TABLE OP the Leading Pbopobtions and Pebpobmances op the most Modeen 
Gbippiths' Scbew-Peopellebs, used in the Royal Navy. 
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Grutiths' Scebw-Peopbllbb and Liptinq Feamb, pitobd to Hbb Majbsty^s Ship 
** Hbctob," by Messrs. R. Napibb and Sons. Plate 22. — The details illustrated in this plate 
specially refer to the lifting frame, on account of its novel arrangement and the sides and 
cross-piece being of wrought-iron plating, instead of gun-metal, as is the usual practice. 
The first view to which we direct attention is the sectional elevation of both the frame 
and the screw-propeller ; it shows also the " holding-down" gear and the rod and screw 
for locking the propeller blade. The propeller is not shown in detail, as being the ordinary 
Griffiths' type, the illustration would be superfluous. The forward bearing is composed of 
Hgnum-vitsB strips, fitted in the grooves formed in the tube, as shown also in the end 
view and section at A ; the supporting portion is connected to the upper half, or cap, by 
bolts and nuts, and the top of the cap is curved forward to clear the disc of the coupling, 
and meet the vertical side portion. Next, as to the aft bearing, two views of this are 
shown also in section and half-complete outline; the tube is fitted with lignum-vitse 
strips, and is seated similar as that for the forward bearing ; the support and cap are 
connected by bolta and nuts ; but the top of the cap is curved at the forward side only, 
as the aft side is in a line with the vertical connecting portion. The plans of these 
bearings are shown over the stem tubing, both in sectional and complete views. 

The vertical sides of the framing next come under notice; these are formed of 
wrought-iron plating, shaped hemispherical transversely from the top of the keying 
solid portion at the cap to the connexion with the cross-piece. The connexion of the 
sides with the cap is by a key driven in at right angles with the line of the bearing of the 
propeller, as shown by the end and side sectional views. 

The cross-piece is constructed of plating also, in the form of angle irons of unequal 
sides, rivetted to two horizontal plates ; this arrangement is shown in the side and end 
sectional views, also by the plan of the fi*ame, the latter being situated directly over the 
plans of the bearings ; the sides of the firaming are of course rivetted to the cross-piece. 
Knowing now the leading particulars of the fi:*aming, we leave that for the present^ and 
turn to the ratchet and lever catch gear; and as a preface to the description of the 
arrangement we will first explain its purpose. 

It will be remembered that at the top of the page 75 of this work, we described a 
purely mechanical method for lifting the firame and the propeller there referred to, it being 
that the fore and aft vertical portions of the fi*aming have teeth in them, and that to gear 
with those teeth there are worms, which latter on being turned aroimd lifted or lowered 
the fi'aming as required. Now there is an advantage with that arrangement, to which we 
did not then refer, as it was unnecessary without comparison ; it is that the firame cannot 
dip down during the operation of lifting, for as the teeth of the worms geared into the 
spaces in the framing they became ^* stops" also as well as a means of leverage for lower- 
ing and raising. Taking then that arrangement as a comparison with the ordinary 
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method, which being simply pulleys and ropes to lift and lower the frame and propelter, 
and that if it is to be entirely relied on, the safety depends on the tenacity of the ropee 
only, without any safeguard ; it is evident that the teeth gear although slower in its 
action is the more safe. We must not overlook this fact either, that the two methods 
for raising and lowering are now specially compared, inasmuch that the one has the 
advantage of ** stops '' to prevent a sudden &11 for the propeller and firame which the 
other has not. 

It is for the reason which has just been explained as a comparison, that most aO 
modem lifting firames are fitted with ** catch '' levers which fit into ** ratchets " that are 
secured to the hull, fore and aft, of the frame, a portion of which has been shown in the 
Plate 21, and ftilly illustrated in the Plate 22 now under notice. It will be remembered ako 
that in page 78 there is an illustration of a lifting frame and propeller shown by Fig. 23, and 
that there are only two catch levers shown, one at each end of the cross-piece, while it wiDbe 
seen that in the present case there are four catch levers, two being at the ends of the cross* 
piece, and two below directly over the cap portions of the bearings. Another feature 
in this example also demands attention, it is that each lever is forced to its work by india* 
rubber springs situated over it ; for as these springs act on the longer portion of the lever 
they press it downwards and force the inner or ratchet end into the spaces, and thus 
ensure a greater certainty of action than occurs with the ordinary lever, where the weight 
of the outer portion is relied on, to keep the inner portion to its work. Of course, in 
either case each lever has to be raised, or thrown out of gear, when the frame is lowering, 
and this is accomplished by a cord attached to the outer extremity — the hole for ito 
connexion being shown — ^then on raising the lever, the frame can be readily lowered by the 
ropes, and should a slip i— ^ also when the frame is 

or fracture occur the F#^^t^8l||iP ^ ^ BBH^^^ lifting the inner end d 
lever cords are loosened ^^^^^^K^B^^^^^^^^^j ^^^ lever is moving in 

and each lever is directly Ordinary FWng Stay for Securing the Lifting »iid out of the ratchet 
forced into duty by the ^''^^ o^ a Screw-PropeUer. spaces, and should a 

spring. Bquallyof course ^*. sudden release or stqH 

page of the upward motion of the framing occur, the springs again force the levers to 
their duty. Now as we have shown, the two separate positions for the levers — each in 
fiill lines when in gear, and each in dotted lines when out of gear — ^fiirther description can 
be dispensed with ; and we therefore turn to the ** holding-down gear," which possesses 
novelty of arrangement as well as efficiency. The novelty referred to consists in the 
difference in the connexion of the fixing stays with the framing, and in that of the ordinary 
kind ; the usual method being a recess or hollow space in the top of each end of the 
frame, into which the ends of the fixing stays fit ; the upper ends being secured hy 
set studs, as shown by the above Fig. 40 ; so that when the framing and propeUer 
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require lifting, the stays are removed entirely ; but in the present instance this discon* 
nexion and removal of the stays are obviated by each being himg or supported hinge-like 
on the framing by pins and joints. Another advantage exceptional to the non-disconnexion 
alluded to is, that by this arrangement the rope pulleys are dispensed with, and when the 
framing requires lifting the set screws are loosened, and the upper extremities of the stays 
are connected together by one passing through the other, as represented in dotted lines 
above the cross-piece. This mode of connexion is fully apparent from the end views, 
where it is shown that at the section at A, the top of the stay is hollow, while that at the 
section at B is solid ; so that the latter passes through the former ; when they are in this 
position they are locked by a pin or set stud, and thus the frame and propeller can be 
lifted from under the joint of their connexion. 

Leaving this matter we next attend to the frame work of the well-hole, or the passage 
formed in the hull through which the frame and propeller is lifted ; this is shown by three 
views, two being in section and the third a complete plan ; its structure is composed of 
wrought-iron plating and angle iron attached to the hull as required by rivets, studs, &c. 
The cover of this aperture is similarly constructed, and is formed with enclosed spaces, 
as shown in the side sectional elevation, through which the fixing stays pass, and the 
turning rod of the screw for locking the propeller blade. The entire casing, it will 
be seen, extends almost down to the cross-piece of the lifting frame at the forward end, 
and from there the outline partakes of the shape of the hull at that locality. Each of 
the apertures in this projecting portion is covered with a plate of metal, as shown in the 
three views, so that when the entire detail is in position and fastened down, the sea water 
is effectually prevented from entering on the deck above ; which, of course, is an advan- 
tage equal to the means adopted to attain it. 

With reference to the arrangement Messrs. Napier have adopted for locking the pro* 
peDer blade, we may remark that as it dispenses with the lever generally used for that 
purpose, it lessens the amoimt of detail employed ; their method being simply a screwed 
rod, fitting into a block of metal which is raised and lowered by the motion of the rod ; 
this block slides in a support of suitable form as shown in the two sectional views, 
together with the sliding block. 

From this portion we direct attention to the propeller coupling, which is the usual 
•* cheese " type, the proportions of which are depicted by the side sectional elevation, 
and the sectional plan at B. As regards the stem and rudder-post brackets, they are of 
the ordinary form, and clasp the projections on the posts similarly as those in Plate 21, 
shown by the end views in both cases. 

The stem tubing next comes under notice ; this, as the other details, is novel also ; the 
shaft tubing for the lengths of the fore and aft bearings is grooved for the reception of the 
strips of lignum-vitae, as shown by the transverse view also ; whereas in the general way 
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the stem tubing receives them, and the shaft tubing is smooth ; the stuffing-box and 
gland are much as the usual practice, and the shapes of the flanges of both can be seen 
from the end view beyond the tubing. 

Peopellee and Lifting Frame fob Hbb Majesty's Gunboats of Fifty Hoesb Power 
NOMINAL, FITTED BY Messbs. James Watt AND Co. Platbs 23 AND 24. — The diameter 
and weight of the propeller in all cases defines the arrangement and form of the lifting 
frame, and it is for this reason that, having illustrated and described two examples of the 
largest size, we for the purpose of comparison next notice an example of much less 
dimensions and weight. The drawings that have been put at our disposal for this pur- 
pose are illustrated by the Plates 23 and 24. 

The Plate 23 contains a complete elevation of the propeller, lifting frame, stem, and 
rudder-posts, with an end elevation of the propeller ; a complete plan, showing also the 
form of the aperture on the deck ; a sectional plan of the boss portion of the propeller and 
coupling ; and a top view of the frame. The companion Plate, 24, shows a sectional elevation 
of the entire detail, with the stem and shaft tubing, end views of the stem and rudder- 
post bearings, and the astern pushing plate. The arrangement of the bearings is lignum- 
vitaB strips and tubes as for the larger size ; the supporting and upper portions are con- 
nected by bolts and nuts, as shown by the end and side views. The cross-piece is con- 
nected to the caps by rods secured by nuts at the upper ends, and by keys at the lower. 
The stop lever for locking the blade vertically is raised and lowered by a screw similar to 
that shown in Fig. 23, in page 78. The loop at the centre of the length of the cross- 
piece is the portion to which the rope is secured, for raising and lowering the frame and 
propeller. As the weight of the entire detail is light comparatively, the catch levers and 
ratchet pieces are dispensed with ; it will be noticed, also, that there are no stem or rudder 
brackets ; and that the aft bearing support clasps the projection on which it rests ; 
while the forward bearing is seated within the sides of the projection ; this is more 
apparent from the complete elevation than the sectional view, where the mode of support- 
ing the bearings is clearly depicted, also the guide lugs on the caps and cross-piece for 
guiding the framing during its ascent and descent ; these lugs are shown also in the plans 
of the propeller and cross-piece, together with the rudder and stem-posts. 

This propeller is the common or radial kind, as shown by the complete view of it; 
the sectional view shows that the blades are adjustable, and secured to the boss bj 
bolts and nuts, their number being shown in the complete plan. The form of the boss 
is globular, and the flanges of the blades are shaped accordingly, to complete the globe as 
far as practicable ; the vertical section of the blade inclines aft with the curved side 
forward. The proportions of the metal of the boss and the hand holes, with their 
covers, for putting the flange securing bolts in position, are illustrated by the sectional 
plan ; also the vertical rib ; shown also in the sectional elevation. 
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The tlirust of the propeller when pushing astern is received by the astern pushing 
plate, which is composed of a disc of gun-metal and circular blocks of Hgnum-Yit83 
inserted through it as illustrated in detail. 

The connexion of the propeller with the shaft is by the driving coupling; this is 
shown by the sections in elevation and plan, with an end view ; the projection on the 
propeller gudgeon being shown also in the end elevation. 

The tubing next 



comes under notice; 
this has the ordinary 
kind of bearings and 
tubes, with the usual 
stuffing-box and gland; 
the stem plates of the 
hull are illustrated, 
and the bulkhead to 
which the tubing is 
secured, so that the 
mode of supporting it 
is clearly depicted. 

Of course it has 
been remembered that 
the nominal horse- 
power of the engines 
for this propeller is 




Propeller and Lifting Frame fitted to Her Majesty's 

Ships — Engined 150 Horse-power nominid 

collectirelj. 

Pig. 4L 



very small, and equally 
obvious that the size 
of the propeller is in 
proportion: it some- 
times occurs, how- 
ever, that the type of 
framing here adopted 
is applicable for pro- 
pellers of at least three 
times the power of 
the one now described, 
and as a proof of this 
we illustrate an ex- 
ample by Fig. 41. 

This lifting frame 
and details, are nearly 
similar to that illus- 
trated by the Plates 23 



and 24, but the propeller is the Griffiths* type, with adjustable blades : the connexion 
of the blade with the boss is the same as that depicted by Fig. 25, in page 80, being the 
key and double wedge arrangement. 

As we have compared the two lifting frames in outline and detail, it will be equally 
Cedr, as a comparison, to relate the dimensions of the larger example, and particularly so as 
we have in the Plates 23 and 24 ftiUy figured the details there illustrated. 

Pbopobtions of the Lifting Frame and Griffiths* Screw-propeller fitted to Her 
Majesty's Ships — ^Engined 150 Horse-power nominal collectively. Fig. 41. — Diameter 
of screw, 10 ft. ; pitches varying from 13 ft. to 15 ft. ; width of tip of blade, 1 ft. 6 in., 
extreme width, 3 ft. 4 in., thickness of blade at the root, 3^ in., thickness at the tip, fin. ; 
lean-to, 5 in. ; diameter of flange, 1 ft. 4§ in. ; diameter of keying projection, 8^ in., length 
9 J in. ; width of key, 4 J in., thickness, | in., length, 1ft. 2 in. Diameter of boss, 
2 ft. 9 in., length, 2 ft. ; diameter of aft bearing, 8^ in., length, 1 ft. 2 in. ; diameter of 
forward bearing, 11 ^in., length, 1ft. 2 in. Diameter of cross piece-supporting rods, 
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2iin., length, 3 ft. lljin. ; length of cross-piece, 5 ft. 7|in. ; length of fixing stays, 
5 ft. 9 in. ; diameter of driving coupling, 1 ft. 5^ in. ; thickness of disc, 2 in. ; length of 
projection, 4 J in., thickness, 7 in. Diameter of screw shaft, T-^ in. ; diameter of tube- 
bearing aft, 9 J in., length, 2 ft. lin. ; diameter of tube-bearing forward, 9iin., length, 
1 ft. 3 in. ; length of stem tubing, 12 ft. 8 in., diameter, 11| in. 

Peopellee and Liptinq Feame fitted to Heb Majesty's Steam Teoop-ship " Orontes,'* 
BY Messes. James Watt and Co. — This screw-propeller and the lifting frame are examples 
equally worthy of notice and record as any we have already described and illustrated ; 
and in order to put forth all the main features in the arrangement, we have given a 
reduced scale drawing of them from the original ; so that the illustrations we are now 
directing attention to are copies of what were made and used for the actual construction 
of the entire detail. 

The propeller is the Griffiths' type, with the blades adjusted by wedges and secured 
by keys transversely ; these details are completely shown in the sectional plan and trans- 
verse section of the boss, also in the sectional elevation of the entire arrangement. 

The outline of the boss is a frustrum of a sphere, and the gudgeons are cast with 
it ; there is a peculiarity with the bearing of the aft gudgeon which is worthy of notice ; 
it is that the actual bearing surface portion is a casing on the gudgeon, secured by a flange 
and six § in. studs to the end of the boss as depicted ; the advantage with this is, that 
when the bearing surface is worn it can be replaced by a new tube or casing on the 
gudgeon. The forward gudgeon is the usual kind, being cast with the propeller entire. 

The bearings are the ordinary strips of Hgnum-vitaB inserted in gun-metal tubes, 
which are supported in the framing bearings ; their caps and supports being connected 
by bolts and nuts, as shown by the complete views. 

The form of the sides of the framing is novel, as depicted, not only by the sectional 
elevation, but also by the sectional plans over the boss and bearings, which show also the 
outline of the latter and the position of the connecting bolts and nuts. 

Above this is the sectional view of the cross-piece, and on the left hand is the trans- 
verse sectional view of it, which clearly represents the mode adopted to connect the sides ; 
being recesses formed in them to receive the ends of the cross-piece, and then both are 
secured by bolts and nuts. The catch levers, ratchet pieces, and the screw-blade stop- 
lever are all shown in position ; and on the right hand from this is depicted the section of 
the cross-piece at the centre of its length, which view includes the rope pulleys and their 
bearings, also the pin. Directly over the catch levers are the lower ends of the fixing 
stays, shown in sectional and complete views, and above them is the plan of the cross-piece 
and its fittings with a portion in section. 

The astern pushing plate next comes in the way of notice ; this detail is the same 
kind as that illustrated in Plate 24 ; there are thirty-seven solid cylinders of wood in this 
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case, but only seven in that, and the diameter of each piece of wood is smaller in this 
example than in the former. 

Passing from this, the complete plan requires attention; this view shows the blade 
set at the coarsest pitch ; also the outline of the boss, with the key-hole covers in position ; 
below this view is the sectional plan of the boss, which includes also the outline of the 
gudgeons and the driving coupling. There is a peculiarity with this coupling ; which is 
similar also in the plan shown by the Plate 23 ; both examples being by the same firm ; 
it is that there is no disc on the gudgeon, but simply a projection of the usual form direct 
on to the bearing portion ; of course the shaft disc is the same as ordinary, excepting 
that the hollow for the projection is of two separate widths instead of one continuous 
dimension as is the general practice. 

Situated at the right hand of the plate, is the complete elevation of the propeller 
and framing ; here, it will be noticed, is a second novelty, which the firm is to be com- 
mended for, it being that the usual stern and rudder-post brackets are dispensed with, 
an omission shown also in a similar view in Plate 23. The aft-bearing supporting portion 
clasps the projection on the rudder post, while that forward is recessed into the stern-post 
projection; so that although the brackets in question are not introduced, suitable and 
equivalent supports are provided for the purpose. 

On comparing the present example with that in Plate 21, the omission alluded to will 
be strikingly conspicuous. 

It next becomes worthy of notice which of the two firms is in the right way of 
proceeding ; for if the brackets are reaUy requisite, to omit them must be a fault of no 
little consequence ; but, to rest certain about this matter, we must first recognise what the 
brackets are for. They are introduced to form seats or supports for the imder side of 
the bearing support of the framing, being, indeed, a connexion with the stem and rudder- 
posts. Now, if we examine the view termed the " Section at A," in the Plate 21, and 
compare it with the similar view in Plate 25, we shall see at once that although the 
bracket is dispensed with in the latter example, the forms of the rudder-posts are 
precisely alike, and that their modes for retaining the position of the portion supported are 
the same also ; it would seem, therefore, that the aft bracket in Plate 21 might have been 
omitted, without doubt, if the arrangement in Plate 25 has answered ; and as the latter is 
the older example, dispute on the point is useless. 

We tiuTi next to the forward or stern-post in the Plate 25 ; here again the bracket, 
as we stated before, is left out, and its purpose represented by a suitable projection 
formed on the post; comparing this method with that in Plate 21, we conclude that 
there is no real advantage at all in the stem bracket when the post is formed to render 
its omission practicable. 

The matter in toto is really but a question of how the framing shall be supported, i.^., 
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shall there be brackets secured to the posts for that purpose, or shall the posts have pro- 
jections formed on them instead ? As forging in the present day is no difficult task, we 
advise the formation of the projection on the posts, and the Qntire absence of the brackets, 
as preferred and carried out by Messrs. Watt on small and large scales. 

The stem and shaft tubing illustrated in the Plate 25 are the usual kind, the fore and 
aft bearings being formed of strips of lignum-vitae ; a transverse section of the tube and 
strips is shown, depicting also that the stem tube has longitudinal ribs on it, as well as 
strengthening rings at the positions for supporting the tube. 

The proportions of the details compare well with those we have illustrated before, by 
other firms, and the astern pushing plate is an advantage worthy of general application, as 
well as the absence of the stem and rudder brackets ; there is indeed an air of carefukess 
in the entire design and arrangement, which is worthy of appreciation, without any 
superficial compliment, but taken solely as an example of good practice. 
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CHAPTER Xn. 

1 dbscbipnon op the modebn details in connexion with 8cbew-pbopelleb8, as oonsteucted 
bt the most eminent mabine enoineebs of england and scotland. 

By N. p. Bubgh. 

INTRODUCTION. — Starting with the axiom that the efficiency of any instrument 
depends a great deal on the application, we pave the way for the conclusion that 
the duty of a screw-propeller chiefly depends on the details with which it is directly 
connected ; and as a means of acquiring knowledge of this matter, we will analyse it 
and arrange the main features for that purpose. 

Beginning, then, with the form of the boss of the screw-propeller, let us consider what 
that portion has to contend with, as well as the duty it should perform. The boss, as it re- 
volves when immersed, meets with the intermediate or central currents caused by the motion 
of the ship's progress, and according to Mr. Griffiths* experiments it should be globular, 
which he has explained in page 40 of this work, where he sums up by stating ** that the 
best proportion for a screw-propeller is to fill up its centre with a sphere equal to ane-ihird 
of the screw's diameter." Now, with aU proper deference to that gentleman's opinions on 
this matter, we cannot reconcile our views to agree with his, inasmuch as the form of the 
boss can be any shape to suit the number of the blades and the mode for securing them ; 
for when the propeller is revolving in the water, that portion of the element that surrounds 
the boss is whirled outward, forward, and backward by the roots of the blades, as their 
angles at the boss are much more acute than at the tips ; the boss then moves in almost a 
vacant space, consequently its resistance is reduced, and therefore its form cannot affect 
the motion. Now, if the blades did not throw off the water, but allowed it to grasp the 
boss, then the globular shape perhaps is the best ; but as the circumstances of the case 
are as we have explained, the boss can be shaped to suit the mechanical questions only. 
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at one side, and a hole in the centre ; its use, from the first name, is of course eyident, 
and we only introduce the second appellation because it is technical. The meaning of 
the word " cheese " in the present instance is to convey to the mind of the observer 
that the " driver " is shaped as a flat cheese of Gloucestershire renown, and thus the 
form is supposed to be readily understood ; this anomaly is akin to that of the title given 
some years back to the " lifting frame " for the screw-propeller, which was then termed 
the " banjo" frame ; but this is as absurd as the other mistake, for there is only one 
portion of both of the details that even indirectly resembles the form of the subjects they 
are named after ; for example, the cheese and the driver are both circular in one view, 
and there the relation of their outline ends ; the musical instrument, the banjo, is 
nearly circular at the larger extremity, as seen from the front or back; the end 
view of the lifting frame at the forward bearing nearly resembles the outline of the 
banjo — ^but not quite — and here this presumed analogy terminates ; so this proves that 
it is most ridiculous to name engineering details after cheeses and banjos ; as the 
terms lifting frame and driver or driving coupling are appropriate and sensible, and 
therefore are really technical from correct sources. 

The driver is secured on the shaft by keys, and a circular plate is secured in the 
hollow, as shown by the sectional and end views. 

Stebn Tube. — This is a tube of gun-metal fitted at one end for some length with strips 
of lignum-vitsB. The transverse section of this part is situated directly below the end views 
of the driver, and shows that the strips are dovetailed into grooves suitably shaped. At the 
extremity of the tube a ring is secured within its periphery to prevent the strips from 
shifting. Opposite to this is the stuffing-box and gland, and their end view is shown bebw 
the transverse section of the tube. One of the studs for securing the tube to the bulk- 
head is shown, also one of the gland studs, and the number of each is shown in the end 
view. At the bottom of the stuffing-box another set of wood strips are dovetailed into 
grooves, but shorter than those at the other end of the tube. 

Stben Shaft. — This shaft passes through the stem tube, and that portion of it is en- 
cased in a gun-metal tube for the working bearing surfaces on the strips of wood ahready 
described ; there are two purposes for the casing referred to, one is to prevent rost, and 
the second, re-turning or re-facing the working bearings without affecting the diameter or 
strength of the shaft. The portion of the shaft not cased at the extrqmity of the tube is 
where the " driver'* is fixed, and the surface of the largest diameter at the opposite end 
is the bearing inside the hull ; the disc is the half-coupling and is connected to its fellow 
by bolts and nuts as is the usual practice. 

Thrust Shaft. — This "length" of the shafting is situated in the huU next to the 
crank shaft, and therefore bears the same relation to the engines as the stem shaft does to 
the propeller, their extremities being the limits of the transmission of the power developed. 
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It will be noticed that some portion of the shaft has rings formed on it ; these are often 
turned out of the solid to ensure the greatest strength. Their purpose is to resist the 
thrust of the screw-propeller by being in contact with the bearing surfaces in front of 
each ring; so that the united areas of these front surfaces are eqiial to one larger ring or 
disc of equal area, and much more safe in their use than the single surface would be ; 
there is of course the liability that the first ring receives the greatest pressure, and hence 
the most friction, but this is a question that we have dealt with in the chapter on 
" thrust blocks/' 

Details foe Scebw-Pbopulsion, by Messrs, Hxjmphbys and Tennant. Plate 27.-^ 
It sometimes occurs that two firms imknowingly are constructing machinery of similar 
kind and purpose at the same time also, and thus the dimensions of the several details 
as fixed on by each designer, are interesting as a comparison as well as instructive. It is 
for this reason we have introduced the Plate 27, which illustrates a lifting frame, stem 
and rudder-post brackets, boss of propeller, and stem and shaft tubing, with a portion of 
the shaft, for a Griffiths' screw-propeller of precisely the same diameter — 16 feet — as 
those details belong to in the preceding Plate 26. 

Lifting Frame. — This is shown by a sectional elevation, plan, and end views. The pro- 
peller bearings are fitted with lignum-vit» strips, entirely differently arranged to any other 
example we have hitherto illustrated or described. The forward bearing has nine strips 
below the centre line, two on it, and one at the top of the bearing. The mode of securing 
them is the usual kind, as shown by the end view. Of similar arrangement is the aft 
bearing, but only eight strips are inserted below the centre line. It will be noticed that 
the strips on this line are of peculiar form, as a comparison with the remainder, as, indeed, 
they are to any other example. The novelty is that these strips are distance pieces 
between the cap and supporting portions, and are secured by the bolts passing through 
them as depicted ; they are therefore applied for two purposes at once ; the first is as por- 
tions of the bearing surfaces, the second as adjusting strips between the connexions 
of the upper and lower portions of the bearings. The connecting bolts and nuts are the 
^^^^soal type, and pins over the nuts prevent their looseness. 

The sides or perpendicular portions above the bearings are rather differently propor- 
tioned and shaped than the general form and dimensions, and are separate from the cross 
piece also, being connected thereto by bolts and nuts. The cross piece, it will be seen 
from its plan, clasps the extremities of the sides, and the bolts pass through the 
metal of both portions with the heads inside, but in some instances they are reversed in 
position, or with the nuts inside. 

Returning now to the sectional view of the cross piece, we notice its fittings. The 
stop lever is shaped rather more simply than that in Plate 26, but the mode for raising 
and lowering it is precisely the same. The catch levers are supported by pins, and the 
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india-rubber loops are again introduced, as before, to keep them in position. A portion 
the ratchet plates and fixing stays are depicted, also the rope pulleys and main pin 

Looking at the side view of the two cross pieces which we compare, a difference 
opinion evidently prevails with the two firms ; one prefers the upper edge to be curv 
upwards, while the other curves the lower edge downwards, and the opposite edges 
straight across. The Messrs. Eavenhill also cast their firatme entire with the caps, I 
Messrs. Humphrys cast the three portions — sides and cross piece — separate ; so that 1 
former firm deems a single casting and risk of its being a " waster" preferable to separ 
details connected by bolts and nuts, as by the latter firm ; but both, of course, ultimat 
accomplish the same result. 

Steen-post Bbaoket. — To economise space in the Plate this bracket is sho 
in the position for which it is constructed, and as its outline and arrangement is much 
that in the Plate 26, there is no novelty hidden. The back part, it will be seen, is sepan 
from the bearing portion, and the connexion is made by counter-sunk studs as depicts 
there is, of course, an advantage with this, that the pattern of the bracket can be m 
simply moulded than if it were formed for a single casting only. Of course the end vi 
shows the number of bolts used for securing the bracket to the post, and also its gen6 
form above and below the propeller bearing, which is very similar to that view in 
Plate 26. 

RuDDEE-POST Beacket. — The shape of this detail bears no resemblance to that for 
same purpose previously illustrated ; being, indeed, a striking contrast of the ideaa 
two designers, each seeking to attain one result by different arrangements. The sectic 
view of the bracket claims no attention beyond that it is properly designed with fitl 
strips and ribs below and above the bearing portion ; but the end view does dem 
especial notice on account of the outlines above and below the seat for the framing be 
duplicates, or widely different to those portions in Plate 26. 

Stebn and Shapt Tubing. — There are not much in these details to demand 
extended notice, for they are of the usual order and arrangement in toto ; so for 
reason we have omitted the transverse sectional and end views, because their oul 
are much as those in Plate 26. 

Peopellee Boss. — The form of the boss proper is nearly globular, and the co: 
and adjustment of the blades of the propeller are by the wedges and key arranges 
and hand holes suitably formed and covered are also provided on the boss. 

The forward gudgeon driver and shaft are of the type that has been fully n( 
but the aft gudgeon is a little different in its construction, being similar to 
Messrs. Watt, as illustrated in Plate 25, at page 138, where, as in this case, the gud| 
is encased with a tube to allow for the renewal of the working surfstce when requisite 

Curiously enough, too, Messrs. Humphry^ and Messrs. Watt have both agreed 
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e best means to resist the stem or aft thrust of the propeller, which is depicted at a large 
Ue in this Plate, and also in Plate 25, being a disc perforated, and the holes fitted with 

!j:num-vit» circular blocks shaped with the grain " end on." 

■ We may, perhaps, better complete our description of these details by stating that all 
9 metal portions are of gun-metal, as those in Plates 25 and 26. 

^ COMPAEATIVB DETAILS FOB SOBBW-PEOPULSION, PITTED TO HeB MaJESTY's ShIP " WaBBIOB,'* 

Mbssbs. Penn, and to Heb Majesty's Ship " Hectob," by Messbs. Napieb. Plate 28. — 
course it will be remembered that the arrangements of these details are depicted in the 
ites 21 and 22, at pages 129 and 133, and therefore their use is apparent ; but our 
38ent purpose is to compare the practice and proportions as carried out by two eminent 
ms in England and Scotland ; which the present plate fiilly illustrates at a larger scale 
in before. 

To begin with : Messrs. Penn's screw-propeller is 24 ft. in diameter, and the engines 

work it are 1250 nominal horse power. Messrs. Napier's screw-propeller is 20 ft. in 

meter, and the engines 800 horse power nominal. From these proportions we have, 

^ it Penn prefers 52*0833 horse power per foot of the diameter of the screw, and that 

I pier thinks 40 horse power sufficient. 

On glancing now at the plate, we refer first to the aft propeller gudgeon bearings : 

^•e we see that the bearing by Penn is 1 ft. 3^ in. diameter ; but by Napier it is 1 ft. 5 in. 

^i;;;nidng next the lengths of the strips of lignum-vitae, Penn's practice is 1 ft. 6^ in., while 

I pier's is 1 ft. 4J in. The arrangements of these strips are more different than their 

gths, for Penn prefers 9 narrow strips below the centre line, and 3 wide ones 

, )ve it ; but Napier thinks that 18 strips of equal widths and equidistant apart the better 

n. The surfaces of these strips as frictional bearings can thus be computed : 

Penn' 8 — consists of 9 lower strips each 2 in., and 3 upper 4 in. wide, all 18'5in. 
:g; then 9x2 = 18, and 3x4=12; after 18 + 12 = 30, then 30x18*5 = 555 square 
hes of bearing surface. 
^ Napier's — consists of 18 strips; each 2 in. wide, and 16*25 in. long; then 2x16*25 
12*5, and 32*5 x 18 = 585 square inches of bearing surface. 

The tubing into which these strips are inserted must next be compared. In this case 
h makers have agreed pretty fairly, for in each example stops or lugs over and under 
cast on to prevent the tube from turning on its seat ; and the fitting surfaces, too, are 
rly the same ; the modes of retaining the strips of wood, however, are a little different, 
Penn has stops at one end only while Napier has stop rings at both ends. 

The astern thrust plates, also, are evidences of two ideas. Penn adheres to his 
rer invention — ^the lignum-vitaB bearing — ^the wood being contained in a disc of metal ; 
Napier omits the wood and uses the metal only. 

Next comes for notice the lifting or surrounding portions for the tubes ; here both 
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makers seem to have concluded alike for tlie outline, and with good result too, for 
scarcely any metal is wasted or put to a disadvantage ; they agree, also, about the position 
for the connecting bolts, and that single nuts are sufficient. There are two bolts on each 
side ; their diameters are — Penn's, 2f in., and Napier's, 2| in. 

But as to the proportions of the facing strips on which the lower portions of the 
bearings rest, the two makers differ in opinion and practici^ (Evidently. For example, Penn 
has a facing strip directly aft of the guide-piece — inserted in the bracket — and one at the 
extremity, forward ; but Napier arranges these strips directly fore and aft of the length 
of the bearing surface. 

The rudder-post brackets in both examples are nearly duplicates in form, and their 
sizes, of course, are apparent from the scales being the same. 

Forward from this we next notice the comparative features of the forward gudgeon 
bearing. The general outlines being ahnost similar to the aft bearings, we shall confine 
our conclusions to dimensions only here, as our previous descriptive remarks apply 
in this cade also. 

First, then, as to the diameters of the bearings. Penn's is 1 ft. 11^ in., and Napier^s 
1 ft. 10 in. ; the lengths of the strips of wood, respectively, are 1 ft. 8 in. and 1 ft, 3| in. ; 
and their widths thus, Penn's 11 lower strips each 2^ in., and 3 upper each 6 in.; 
Napier's 18, each 2^in, ; then the surfaces are, Penn's 2*5 x 11 =27*5 and 6 x 3 = 18; 
after 27-5 + 18 = 45-5, and 45-5x20 = 910 square inches. Napier's 2-5x18 = 45, then 
45 x 15*5 = 697-5 square inches. Diameter of connecting-bolts : Penn's 2J in. (4), and 
Napier's 2| in. (4). Messrs. Penn, it wiU be seen, use a forward thrust-plate, formed as 
a ring of gun metal, with solid cylinders of lignum-vit89 passing through the metal at 
proportionate distances apart; while Messrs. Napier — ^not as in the case of the aft 
thrust-plate, substitute metal only — ^leave out any means of resistance entirely. 

The connexions of the brackets with the stem-posts are not similar. ' Penn, it will 
be seen, casts a tube on to the back of the bracket, where Napier omits it, and uses 
an angle ring of wrought iron on the forward part of the post instead, to support 
the stem tubing. 

Next we compare the connexion of the side pieces with the caps of the bearings. 
Messrs. Penn cast the sides and caps together of gun metal, but Napier, having an eye for 
economy, casts only a small portion of gun metal, with the caps, and connects thereto 
wrought-iron sides, secured by cross keys. 

Messrs. Napier, still careful, have catch levers over the caps, with india-rubber springs 
to keep the levers to their duty, whereas Penn omits them at this locality. 

The cross piece and its fittings by the two firms now come under consideration. 
Messrs. Penn prefer to make the entire details of gun-metal, excepting the steel springs 
over the catch levers, which are preferable to the india-rubber loops under the levers, as 
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often used. The cross pieoe^ is cast in one casting separate from the sides, which are 
connected by bolts and nuts as depicted. The elevation presents a neat appearance and 
the plan a thoughtM arrangement. Of far different aspect is the example by Napier, 
although the arrangement is equaUy an evidence of consideration. The cross piece is of 
wrought-iron plating and angle iron ; connected as shown by the sectional views and the 
plan. The outline of the elevation forms a contrast with Penn's, as also does the plan. 

Next comes the details : Napier's idea on the mechanical matter for stopping the 
blade of the propeller, and Penn's opinion on the same subject, are evidently rather apart 
from each other. Penn considers that the lever and screwed-rod motion is as efficient as 
need be ; but not so Napier, he prefers direct action, which he attains by a sliding stop 
portion : being a piece of gim-metal in a vertical groove in the centre of the cross 
piece ; the motion up and down or for in and out of gear, is by a screwed rod within the 
slide ; the screw hole being of suitable length, so that on turning the rod around, the slide 
is moved in the required direction. 

Now let us compare these arrangements a little closer ; Penn has a lever hung on a 
pin, which pin must of course be secured by either a nut or washer and pin ; Napier in 
the place of these has a sliding piece of gun-metal fitting in a groove or hole formed of 
wrought-iron, and thus the cross piece is narrowest at this part, as the plan depicts. 
The slide-piece is screwed internally and thus that amount of work can be weighed against 
Penn's lever-pin and nut, while the lever and sliding piece may be taken as about equal 
in labour. Messrs. Penn provide a screwed rod, and so does Napier, to raise the stop 
piece ; therefore the only difference that remains, is in the modes for supporting these 
rods ; the former has a fixed block for the screw, and a guide piece for the opposite or 
lower end ; but the latter has a small bracket only. We have therefore evidence that 
although the two firms employ two separate arrangements for one purpose, in point of 
labour and material they agree pretty well. 

The springs for the catch-levers are the details we compare next : Penn has the simplest 
of methods, being merely a flat spring bent sufficiently to keep the lever down and allow 
for its rise ; but Napier again carries out his arrangement as over the caps of the bearings. 
On contrasting these two kinds of springs we unhesitatingly award the laurels to Messrs. 
Penn, for Messrs. Napier use nearly double the amount of detail, and therefore a propor- 
tionate amount of labour to attain the same result. 

Our notice of comparison next extends to the " holding-down gear." Messrs. Penn 
use wooden fixing stays tipped with gun-metal ; the lower end of each is fixed in the hole 
provided for it at each end of the cross piece ; the upper end is held in position by a set 
screw, which bears against a bracket secured to resist the pressure requisite to keep 
the fi:>aming and propeller down. 

Messrs. Napier's liking for the use of wrought iron extends to the holding-down gear 
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also ; for they have made the fixing stays of wrought-iron bars, and connect them to the 
cross piece with gun-metal pins. The upper ends are secured in their vertical position by 
gun-metal set screws and nuts that screw through gim-metal bushes fixed into horizontd 
cast-iron brackets. The diameter of each of the set screws by Penn is 2J in. ; but Napier 
has made his 3 in. in diameter ; he uses set nuts also, in the place of the collar under 
the bracket as by Penn. 

It will of course have been recognised that Messrs. Penn use the fixing stays for the 
one purpose of holding down the framing only ; but that Messrs. Napier utilize their 
fixing stays in another direction, that has been shown in the Plate 22, at page 133 ; it 
being that when these stays are released they are not withdrawn as with Penn's practice, 
but meet on the centre line and form a loop to lift the frame and propeller by ; thereby 
dispensing with the rope pulleys. We maiy notice also that the diameter of the pulley pin 
by Penn is 4 in., while the diameter of each of the stay pins by Napier is 2| in. 

HOLDING-DOWN GeAB FITTED TO HeE MaJESTY's ShIP " WaBEIOE," BY MeSSES. JoHK 

Penn and Son. Plate 29. — This plate, although in its proper place with this chapter, is a 
companion to Plate 21, at page 129. 

The arrangement of this gear is very simple and efficacious, as it consists of two 
wooden stays, tipped and guided by suitable portions of gun-metal ; the guide pieces are 
merely plates of metal secured to the stays by screws. The lower tip is partially hollow into 
which the stay is secured, and the solid portion below fits into the hole provided for it in 
the cross piece of the framing. The top portion has been already fully conmiented on in 
page 149. The bracket is of cast iron, and is bolted to the stem and rudder posts. 

The simplicity of this arrangement lies in the easy method available for the discon- 
nexion of the stays— or, if a better term, the release of the framing — for the set screws 
are the only portions that have to be unlocked^ which is merely screwing the screws down- 
wards to release the collars from the bracket projections, and then the frsme and 
propeller can be raised. Similarly by this simple means the frame is secured when down 
by screwing up the screws, and thus causing their collars to bear against the projections 
appointed. As the rudder and stem posts and cross piece of the fi^ame are shown, the 
arrangement of the gear can be fiilly imderstood and appreciated. 

Details op a Weouoht-iron Lifting Fbamb fob a Sobew-peopbllee Nine Feet dj 
Diameter. Plate 30. — ^We introduce here another striking illustration of the fact that 
gun-metal, although the best of general composite materials to resist corrosion in sea^ 
water, is not really important enough to demand an entire use for the purpose under 
notice. Indeed, if we want evidence of this fact in a practical manner, we can take the 
state of the wrought-iron steam-ship Wolf, that sank in October, 1867, and when raised, 
in September, 1868, the huU and machinery were found to be but very little affected by 
the corrosive action of the sea- water. We learn, therefore, that when cast and wrought 
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iron are submerged sufficientlj below the atmospheric influence on metals, that the natural 
corrosion of the sea- water is of much less effect than when assisted by the atmosphere. 

Of course the properties of gun or composite metal present a nauseous and poisonous 
taste, and, as with copper, the shell-fish do not care to adhere to the surfaces of either 
metal, or as they congregate with impunity on wood and iron when both are submerged ; 
and even the drawback of the uneven surface of shell-fish as a resistance to the forward 
motion of the hull gives no absolute cause to use such a costly compound of metals, in the 
place of cheaper kinds, which, with occasional cleansing, are equally applicable. And it 
is for this reason that wrought and cast iron are now being used largely for screw- 
propellers and their immediate details, where gun-metal was once held supreme. 

LiPTiNO Frame. — The forward and aft propeller bearings are of gun-metal, fitted with 
wide strips of lignum-vitas, that are dovetailed into the tubing, and secured by rings of 
gon-metal, fastened by studs situated between the strips of the wood at both ends of the 
tubes. The cap and supporting half of each bearing are connected by bolts secured by 
double nuts, and the lower portion of each bearing has the usual guide lug passing through 
the seat of the bracket. The astern thrust of the propeller gudgeon is resisted by a metal 
plate, having a square projection on it which fits into the back of the bearing, to prevent 
the plate turning around. 

The connexion of the caps with the cross piece is by the wrought-iron round rods, 
secured to the caps by keys passing through the bosses provided thereon. The cross 
piece is the simplest we have yet recorded, being merely two wrought-iron plates, with 
cast-iron distance-pieces at each end, which serve also as the seats for the fixing stays. 
The mode for attaching the side rods to the cross piece is both simple and secure ; each 
rod is enlarged in width equal to that of the cross piece, and the thickness is the diameter 
of the portion below. The sides are recessed for a portion of their depth into the narrow 
part of the head of the rod ; the projections above and below the recess of course renders 
the connexion perfect ; while a bolt at the side of the head secures the sides of the cross 
piece. The stop lever is the usual kind, and the connexion of the screw-rod support and 
guide is shown by the cross section below. 

Next we notice the lifting loop, which is shown most explicitly by the transverse 
section of it at the end of the cross piece ; it is connected by a pin and nuts at each end, 
with a distance washer between the eyes. 

Stben and Ruddeb-Post Bbackets. — These are cast iron, the price of which is much 
less than gun-metal, being indeed in the ratio of 1 to 6, and for this difference doubtless 
the cheaper material will eventually be more often used for this purpose than hitherto ; of 
course the difference in the weight and strength of the materials can be nearly balanced, 
inasmuch that the weight of a cubic inch of cast iron is *263 of a pound, and the same 
size of gun-metal is *3177 lb., also the full tensile strength of cast iron is 20,000 lb., while 
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gun-metal is 35,000 lb. breaMsg strain on the square inch. From this we know, that if 
cast iron is 1 in weight, gun-metal is 1*2; and in relation to strength, cast iron is 1 to 1*75 of 
gun-metal ; so that if the latter metal is stronger than the former it is heavier, so that 
what is saved by weight is due to the strength of the metal only ; and taking next the 
cost of the material into consideration : the weights being nearly equal for the equal 
strength; the price of a gun-metal bracket is six times that for cast iron, with no 
advantage proportionate to warrant its universal use in the place of the latter metal. 

' But, as we stated in page 143, we do not see any reason for using the brackets of 
any kind ; for the supports for the framing can be forged with the posts, cheaply and 
strong, and more simple than connecting the brackets to them by bolts and nuts. 

In the example before us each bracket is secured by flanges clasping the posts, and 
bolts passing through the whole make firm the connexion. The supporting portion of the 
brackets are simple, and as little material as sufficient strength requires. Ribs and fitting 
strips are suitably arranged, so that the outline and the arrangement are worthy d 
adoption when required. 

Fixing Stat and Oeoss-Bae. — The arrangement of the tips of this stay is precisely as 
that in page 134, shown by Fig. 40, being gun-metal tips and securing or set screw and 
nut. The cross-bar is of wrought iron and is used in this case instead of brackets 
through which the set-screws pass. 

As we have fiilly dimensioned all the details in this Plate, we have not referred to the 
proportions in our description, but a fair comparison can be made by noticing the 
dimensions given in pages 137 and 138 in relation to the example illustrated by Fig. 41 
in the former page. 
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CHAPTER XIII. 

THE PEACTICAL RESULTS OP LIGNUM-VIT^ BEARINGS FOR SCREW-PROPELLERS AND SCREW 

SHAFTING. 

By John Penn, Esq., M.E., C.E., &c. 

THE experiments which led the author to the adoption of the wood bearings were made 
with the apparatus shown by Fig. 42, consisting of a wrought-iron axle G, 1^ in. 





niastrations of the Apparatus nsed by Mr. Penn to prove the practical ntility of Lignum- 
yitte frictional bearings when submerged in Salt Water. 

Fig. 42. 

diameter, running in wooden bearings at each end of a trough of water H, 2 ft. long. The 
axle was immersed wholly in the water, and driven by a pulley J, on the outer end, at a 
speed of 700 revolutions per minute, representing a yelocity of 260 ft. per minute at the 
circumference of the axle, which corresponds with or rather exceeds the ordinary velocity 
of the journals of screw shafts. One half of the length of the axle K, was covered with 
brass, the object of which was to try alternately the effect on brass and iron under pre- 
cisely the same circumstances. A cylindrical bearing IJ in. diameter and 2 in. long was 
turned on the centre of each portion of the axle, upon which were placed the experimental 
bearings of which the relative fiictions were to be ascertained; and in order to prevent 
any source of error from friction in the fixed bearings at the extremities of the axle, two 
experimental bearings LL, were used at the same time, placed closed together side by side, 
one above and the other below the axle, and pressed against the journal in opposite direc- 
tions by two weighted levers MM, having adjustable weights to regulate the pressure. By 
this arrangement, the axle was, as it were, suspended freely in the trough of water, having 
no material friction in the fixed bearings at the extremities. 

The relative friction of the different materials under trial was measured by the rise 
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of the temperature of the water in the trough in a given time, caused by the rotation of 
the axle, the quantity of water being exactly two cubic feet in each case, and at the same 
initial temperature. In estimating the pressure to which the bearings were subjected, 
1 square in. of bearing surface was used, and the total weight on each bearing gave the 
pressure in lbs. per square inch. 

The particulars of the experiments are given in the Tables, and the general results 
obtained are as shown : — 



DeKription of Bearing. 


Pressure per 
■quare inch. 


Time of Running. 


Besult of Experiment. 


Brass on Iron . • . 
Brass on Iron . . . 
Brass on Iron . • . 
Lignmn-yitffi on Iron . 
Box on Brasd . • • 
Lignnm-yitas on Brass . 
Snake-wood on Brass . 
Cam-wood on Brass 


lbs. 
448 
675 
4480 
1250 
4480 
4000 
4000 
8000 


80 mins. 

1 hour. 

• . 

36 hours. 

5 mins. 

5 mins. 

5 mins. 

5 mins. 


Little or no catting. 

Cat and abraded. 

Seized and stack fast immediately. 

No signs of wear ; original slight scratch not worn oat 

Not cat. 

No injary. This specimen is shown foil size by A, Pig. 43. 

No injary. Shown fall size by A, Fig. 43. 

No injary. Shown foil size by B, Fig. 43. 



TABLE OP 


Experiments on Friction op 


Bearings. 


Description of Bearing. 


Area of 
Bearing. 


Total 
Preasure. 


Pressure per 
square inch. 


Time of 
Running. 


Result of Experiment 




Sq.in. 


lb. 


lb. 


Minutes. 




Brass on Brass 




448 


8584 


15 




Box on Brass 




560 


560 


10 


Marks not oat 


Box on Brass 




448 


3584 


5 


Not cat. 


Box on Brass 




560 


4480 


5 


Not cat. 


Box on Brass 




560 


4480 


5 


Not cat. 


Box on Brass 




672 


5876 





Cat and abraded ; side grain. 


Box on Brass 




672 


5376 


5 


End grain; not cat. 


Lignam-yitte on Brass . . 




672 


672 


15 


Scratches made with tip of knife 
not toached. 


Lignam.vit« on Brass . . 




560 


4480 


5 


CataUttie. 


Brass on Brass (salt water) . 




448 


448 


30 


Little or no catting. 


Brass on Brabs (salt water) . 




448 


3584 


6 




Brass on Iron 




448 


448 


5 


Cat. 


New Brass on Iron . . . 




560 


560 


10 


Cat. 


Brass on Iron 




675 


675 


60 


Cat and abraded. 


Brass on Iron 




560 


4480 





Woald not reyolve ; seised and 
stack fast immediately. 


Babbitt*8 metal on Iron . . 




400 


1600 


8 


Rolled oat ddeways. 


Kingston's metal on Iron . 




400 


1600 


6 


Rolled oat sideways. 


Box on Iron 




448 


448 


30 


No perceptible wear. 


Box on Iron 




448 


3584 


19 




Box on Iron 




448 


3584 


5 


Bat little worn. 


Lignam-ritte on Brass . . 




560 


560 


10 


Mark not oat. 


Lignam-Titn on Iron . . . 




1250 


1250 


2160 


No signs of wear ; original slight 

scratch not oat 
No injary. 


Lignam-ritn on Brass . . 




1000 


4000 


5 


Snake-wood on Brass . . . 


^ 


1000 


4000 


5 


No injary. 


Cam-wood on Brass . . . 




1000 


8000 


5 


No injary. 
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In the foregoing experiments, the principal object was the prevention of the serious 
evils attending the ordinary bearings of screw shafts ; and the circumstances under which 
the experiments were conducted were therefore arranged to correspond as nearly as pos- 
sible with those experienced in the actual working of ordinary screw shafts ; the expe- 
rimental axle was wholly immersed in salt water, and was driven in all cases at a speed 
equivalent to that of screw shafts on the largest scale. 

The result obtained from these experiments was so definite and satisfactory, that 
arrangements were immediately made for the application of the wood bearings to the 
screw shafts of Her Majesty's ships, and these have in every instance succeeded beyond 
expectation. 

The general results therefore appear to point to the use of a plentiM supply of 
water, to carry off the heat caused by the friction of the bearings ; and in the cases 
where this can be accomplished thoroughly, so as to carry off the heat as fast as it is 
generated, a brass journal revolving in hard wood bearings is practically perfect, showing 
no perceptible wear under a much more severe pressure than is usually met with in 
machinery. The two rubbing surfaces appear in reality to run without any lubricating, 
material between them, and the water acts merely as a conductor to carry off the heat as 
rapidly as it is produced. 



The pieces of wood, 
shown by Pig. 43, that had 
been used for trial, seem ap- 
parently insignificant, and 
their small size might cause 
the experiments to be looked 
upon as not sufficiently prac- 
tical ; but it had been found 
in the first trials that a 




Fonn of the Wood Strips nsed 
as an Experiment for frictional 
bearings by Mr. Penn. 

Fig. 48. 



pressure of 1000 lb. per 
square in. on a piece of wood 
of 1 square in. area would not 
wear out the scratch of a 
pin, after running 24 or 36 
hours ; and the only available 
method at the time of increas- 
ing the pressure per square in. 
had been to reduce the size of 



the pieces of wood, retaining the same weights in the apparatus with which the experiments 
were made. The slips of wood of 1 in. length had accordingly been reduced in width to i in. 
in the expectation that a few minutes would sxiffice to give a definite result, but no wear 
could even then be produced ; the area was theureduced to ^ square in., and still no abrasion 
took place imder a pressure of 1000 lb. or 8000 lb. per square in. ; the experiment was 
limited to this pressure by the slipping of the strap upon the pulley by which the shaft was 
driven. The little bit of wood used in this experiment had been left running for 3 hours at a 
speed of 260 ft. per minute, and had been tried in both fresh water and salt water, the latter 
Salter than the sea, with no difierence in the result. A brass bearing that had been driven 
at the same speed had been cut immediately at a pressure of 220 to 230 lb. per square in., 
so remarkable was the difference between wood and brass; and Babbitt's soft metal, 
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Eangston's metal, and other mixtures, had also been tried, but were not capable of working 
under a pressure at all approaching that admissible with the wood bearings. Seyeral 
soft woods had been tried, all of which stood well ; and among them poplar, which was a 
very soft wood, stood a heavy pressure with very Utte wear. 

Of the various kinds of wood that have been tried in the experiments, Ugnum-vit® 
appears to be very satisfactory, and nearly as good as any, and it has the practical advan- 
tage of being less expensive, and readily obtainable. 

Another application of 



the wood bearings may be 
mentioned, which has been 
practically tried and found 
very advantageous. The 
bearing which receives the 
thrust or propelling efltect of 
the screw in the direction 
of the vessel's motion is 
formed of a series of collars 
on the shaft, running in cor- 
responding grooves in the 
brasses, which have been 



^ 




Sectional Elevation of the thrust 
block of the Screw shaft of H.M.T.8. 
Himalaya when fitted with semi- 
circular Strips of Lignum-vitae. 

Fig. 44. 



found to wear very seriously, 
in a similar manner to the 
main bearings of the screw 
shafts. The thrust bearing 
of the Himalaya^ which is 
shown by Fig. 44, had the 
brasses worn away longitu- 
dinally nearly | in. at eadi 
collar, and this was repaired 
by the engineer whilst out 
on the voyage, by putting in 
a set of rings of lignum-vitae 
as an experiment, filling up 



the worn space, as shown in the upper half of Fig. 44. The wood was merely sawn into 
half rings, the lower pieces being slipped in from above without lifting the shaft from its 
bearing. This plan answered completely, and no perceptible wear was found in the wood 
rings after the voyage home, the original saw marks not even being effaced ; and the bearing 
proved so satisfactory, although only temporarily constructed, that the vessel has gone to 
sea again without any alteration. In this case the wood bearing was allowed to work most 
of the time with oil alone as a lubricating material. 

The method in which the 
wood was originally, and 



was ongmaily, ana is 
now, employed is shown by 
Fig. 45 : the ordinary brass bush 
E has longitudinal dovetailed 
grooves formed on its face, 
which are filled with strips of 
hard wood FF ; lignum-vitaB has 
been generally used. The strips 
of wood are about 2J in. wide, 
with a space of about | in. be- 




Mr. Penn*8 original ar- 
rangement of Lignam- 
vitae bearings for Screw- 
propellers and Shafting. 

Fig. 45. 



tween each, and stand out \ in. 
from the surface of the brass; 
water is kept constantly flowing 
between the strips along the 
shaft, and forms the only mode 
of lubrication, and this is found 
to prevent all tendency to heat- 
ing or wearing of the journals. 

The foregoing remarks and 
tables are much the same as 
those contained in my paper on 
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this subject, riead before the members of the Institution of Mechanical Engineers, as far 
back as January 30, 1856. I have little to add to the information contained in that 
paper, haying found from an extended experience, that the proportions I first adopted for 
wood bearings needed but little alteration to suit the requirements of modem practice. 
I may therefore conclude these remarks, by giving a few of the dimensions of the wood 
strips adopted in the stem tubes of screw ships recently fitted, varying in power from 
100 nominal horse power to 1200 horse power, pointing out also some fiirther applications 
of wood, such as thrust-rings and plates, which have been introduced, since that date, 
with perfect success. 

The wood strips of lignum-vitas, fitted into the stem tube for supporting the screw- 
propeller stem shaft, have been found, from experience, to be amply suflBcient, when 
made to the following proportions : — 

For engines of 100 nominal horse power the lignum-vitas strips are If in. wide, J in. 
thick, and 2 ft. long, with water channels between each strip f in. wide, and ^ in. in 
depth. 

For engines of 1200 nominal horse power the strips are made 3 J in. wide, 1^ in. 
thick, and 6 ft. long, with water channels 1 in. wide and f in. deep between each strip. 

The wood strips are driven into dovetailed recesses cast in the brass bush, a Uttle 
taper lengthways, to facilitate the fitting ; they are then bored out in the lathe, a little 
larger than the diameter of the shaft, to allow for the slight swelling of the wood, which 
takes place when it is immersed in water. A lignum-vitaB pin is driven through each strip 
into the brass, to secure it to the bush. 

To ensure a free circulation of water between the strips and the shaft, a pipe is 
screwed into the stem tube, a little abaft the stuflfing-box, with a cock for regulating the 
flow of water into the bilge of the ship ; the size of the pipe for engines of 100 horse 
power being usually about J in. diameter, and that for the largest powers about 2 in. 
diameter. 

Messrs. John Penn and Son have also for many years used wood for receiving the 
thrust of the screw-propeller, and find it wear exceedingly well for this purpose, and to 
be as reliable in every respect as the strips fitted into the stern tube. For this purpose 
the wood is appUed endways of the grain. A brass ring is cast with suitable recessesi 
into which the lignum-vitsB blocks are fitted, the ring being secured to the fore stem-post, 
so as to allow the boss of the screw-propeller to bear fairly on the wood. 

For engines of 1200 nominal horse power this thrust-ring has 18 pieces of wood, 
fixed as described, 6 J in. x 5 J in. on the face, and 4 in. thick, with a groove or water 
channel J in. wide between each piece. 

In the case of lifting screws, these thrust-rings are placed between the stem-post 
and the cheese coupling, to take the ahead thrust, and a similar ring or plate is inserted 
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between the after end of the screw-propeller and the banjo frame, to take the astern 
thrust. 

* In conclusion, we must add that it is remarkable that such an important invention, 
which has increased so immeasurably the eflSciency of the screw-ships in Her Majesty's 
navy, should have left the hands of Mr. Penn practically perfect in its first application, for 
neither the inventor nor any other person, so far as we can learn, has as yet improved on 
this beautifully simple apphcation of wood for submerged bearings. 

StEBN TuBINO, LiGNUM-VITiE BeABINGS, AND POBTION OP SCRBW ShAPT, FfTTBD TO HlB 

Majesty's Ship, " Warrior," by Messrs. John Penn and Son, Plate 31.^ — fThe arrange- 
ment of these details fiilly portray the present practice of the leading firms of England 
and Scotland; but before we enter into the description we will dwell a little on the 
principles on which the success of these bearings are founded. 

First, then, what are the circimistances to be considered with screw-propeller bear- 
ings ? They are that the weights of the propeller and its lifting firame tend to produce a 
closer contact for the lower half surface of the bearing than the upper half; and therefore 
the modem practice as by Messrs. Penn, is to reduce the upper frictional surface in re- 
lation to the lower. 

Secondly, what is the nature of the resistance of the Actional bearings in the stern 
tube ? We must answer this by noticing that the screw shaft is merely a communicant 
of power to a revolving body at its extremity ; which is of course the propeller ; and that 
although the weight of the propeller causes a deflection of the shaft when at rest, a 
great deal of the downward pressure on the shaft is taken up by centrifugal action when 
the revolving motion occurs. But we will take this matter up a Uttle more in detail, and 
to do so, let us suppose that we have a series of shafts whose total length is 70 diameters 
from the centre of the engines to that of the screw-propeller, which proportion is about 
the average practice. All the power that is transmitted by the cranks on to the shaft 
runs along its length, and of course is finally reduced by bearing friction to the minimum on 
reaching of the propeller. Now this redtiction of the power is the vital point on which 
the whole affair hangs ; for it is obvious that the power at the centre of the aft crank 
pin is amalgamated with what has been generated before ; and from here the aft bearing 
and the thrust block absorb some of that power ; next the shaft supports or " plununer 
blocks,** take some more ; and then the stem-tube bearings have their share ; and finally 
the propeller bearings, if there are any, complete the plunder ; and this " plimder*' rf 
the power, for we can give it no better expression, requires to be reduced to the least 
quantity possible. 

We have now to consider where the greatest " plunder of the power *' is situated 
throughout the shafting ; of course the bearing sur&ces inside the hull can be regulated 

• NotebyN.P.B. fByN.P.B. 
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t manipulation, and artificiaL lubricant ; but not so the bearings beyond that, and it is 
that reason that Mr. Penn made a scientific hit when he used natural lubrication in 
le place of artificial for the stem shafting and propeller bearings. 

The propeller, let it be remembered, is but the arms of a wheel without the rim. 
md thus the blows that the blades or arms give to the water over and under the hori- 
atal centre line of motion we unequal in force ; obviously then the vibratory effect must 
an unequal centrifugal action, and that is the reason why the screw-propeller is said to 
bump " sometimes. This *' thumping " then becomes a matter of great consideration 
relation to the frictional bearings next to the propeller ; as the circumstance of friction 
lot only rotary but it is sideways too, and that to such an extent that brass bearings 
ler brass have oft;en been cut down suflBciently to interfere detrimentally with the 
pnal centre line of the shafting. 

A practical demonstration of this has occurred with the original brass bearings of the 
fpeller-shaft of Her Majesty's Ship Ccesar^ engined 400 nominal horse power coUec- 
>ly, the propeller being hung in a lifting firame, where after six months' wear the inside 
meter of the brass stern bush became oval to such an extent that vertically it was 1^ in. 
per, and horizontally 1 in. wider than the original size, and the brass bearing 
ircling the shaft was grooved at intervals ^ in. deep and of equal width ; this then is 
roof enough that bearings formed of brass on brass were the greatest drawback to the 
elopment of screw-propulsion that could ensue ; and until that Mr. Penn introduced 
wood bearings there was a doud of despair hanging around the enterprise. 
Returning again to the action of the propeller-shaft on its bearing, we may explain 
\ when the propeller is hung in the lifting frame the propeller bearing oft;en wears 
m more than the shaft bearing and thus the centre line of the former performs a circle 
[md that of the latter, and therefore laterally an undue strain occurs. 
But apart firom this ** unequal centriftigal action," there is the equal action to notice, 
much that when the propeller is ** over-himg " the centrifugal motion is at its utmost 
And to resist that, the bearing directly beyond, or inside, must be suitably propor- 
ed in length so as to ** hold " the shaft in true position during its motion. 
The natural action of the propeller when over-hung we also noticed in page 103 of 
work, were we stated that " if the shaft were loose in its bearings it would not only 
>lve on its axis, but also produce a centriftigal motion," so that although the gyratory 
ion is resisted by the bearing, the natural tendency of the propeller to cause the shaft 
ibrate or ^* wabble " remains constant ; indeed we should never lose sight of that 
I when designing screw-shaft bearings. 

Having now run through the leading principles in connexion with our present subject 
ium next to the practical matters. It has been settled in our previous remarks that 
|»metal on gun-metal for bearing surfaces are of no use, because the heat generated by 
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the friction, will waste the bearing, although ahnost every precaution may be taken to 
ensure water lubrication ; but when lignum-vitsd bearings are used (he water softens the 
woody and the " thump " or " wabble " of the shaft caused by the jpropeller, is resisted by 
a gentle admission of the force imposed, and thus the harder surface, although pressing on 
the softer, does not cut into or impress such a result of contact, as if the receiving sur&oe 
were of equal resisting property. Indeed the lignum-vitss permits the metal to expend its 
" tear " and " grip " on the surface of the wood only ; and if any heat at all is generated 
by that operation the water between the wood carries it off. 

The next portion to consider is whether the heal generated by the friction is carried 
off in toto by the water flowing through the channels appointed, or if a certain amoimt of 
the temperature is not reduced beforehand by the action of the receding surface of the 
wood in contact with the metal; we must not overlook the fact also that while the 
propeller does not vibrate during its revolution, the force of the centrifugal action will be 
equal from the centre of motion ; but when the " wabble " occurs, then the virtue of the 
lignum-vitsB is strained suflBciently to prove its worth, for if it were not so, the surface of 
the wood would give way to the utmost pressure imposed on it by the metal and not return 
again to its normal condition ; whereas in practice the " wood holds its own " under all 
circumstances of motion. So that in consideration of these conclusions we are inclined to 
behove that the frictional heat is reduced to the minimum, first by the wood receding fi^m 
the metal, and secondly, by the water in the channels absorbing it afterwards. 

The illustration that we have under notice is the recent practice by Messrs. Penn, 
and fully depicts what is requisite to be considered in the adoption of lignum-vitsB bear- 
ings. The strips are dovetailed into their grooves, because it is presumed that when the 
extreme pressure comes on them they must necessarily expand laterally, and therefore the 
dovetail recess is the best form to resist that effect and prevent looseness of the strips. 
As the arrangement is dimensioned sufficiently for practice, we need not add further des- 
cription to what has been given by Mr. Penn under his name. 
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CHAPTER XIV. 

a dbscbiftion of the feathebinq scbew-pbopelleb as fitted to cebtain ships. 
By Messbs. Maudslay, Sons, and Field. 

• 

THE peculiar advantages of tliis propeller are that it enables a vessel, when fitted with 
it, to proceed, or " sail,'* under canvas, without the necessity of lifting the propeller 
out of its bearing position in the wdter ; also avoids the trouble, risk, and loss of time 
usually attending that operation, as well as the resistance to the ship's progress from the 
submersion of the propeller which occurs with the common fixed kind. This is accom- 
plished by placing the blades fore and aft in a line with the keel, and in a vertical position. 
Moreover, it is found that by thus filling up the open space between the stern and rudder- 
post the steering eflBciency is much accelerated when the ship is under canvas only, for it 
is obvious that when the fixed-bladed propeller is submerged, the blades are at an angle 
across the currents directly behind the quarter of the ship, and thus her forward progress 
must be retarded to some extent ; and besides this, when the screw-propeller is even 
raised out of the water, the effect of the rudder's powers is greatly reduced by the 
formation of cross currents through the vacancy or aperture between the posts. Excep- 
tional, however, to all this, there is the advantage of " feathering" the blades to the best 
angle suitable for the least power with the highest speed ; it being evident that the means 
of altering the angle of the blades or pitch of the screw to suit the varied circumstances 
under which the propeller may be employed is of especial advantage, particularly so 
during long voyages, as when sailing and steaming combined, in order to economise the 
fuel, while, at the same time, attaining a high speed for the hull by altering the angles of 
the blades of the propeller, so that the velocity of the screw shall be in direct proportion 
to the advance of the hull, with the least amount of slip ; which is really that the power 
developed by the propeller is following up that which is produced by the sailing effect, and 
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thus the engines are converted into an auxiliary means with a proportionate amount of 
commercial gain. 

Keeping this fact in mind let us dwell a little on the probable action of the blades in 
the water when they are set at an angle unsuitable for the highest propulsion of the huU 
to which they are fitted. Of course on starting they will strike the water sideways, or 
laterally disturb it, and thus disturb the aft volume also; and this side-striking will 
continue with a reducing effect until the speed of the hull agrees with the velocity of the 
propeller ; when the blades will cuJt the forward current mthoiU disturbing either the side 
or aft currents. Obviously then if the angles of the blades are not in accordance with the 
velocity requisite for them to propel the hull at the highest speed with the least power, a 
great deal of the power is absorbed by the " side striking" being continued even when the 
blades are revolving at the maximum velocity proportionate to the force employed. It 
may occur also that the actual revolving speed of the screw will be more than what is 
theoretically required to propel the hull at a certain lineal speed ; which difference or loss 
is termed " slip," and therefore the cause for the " slip" is that the " side-striking" dis- 
turbs not only those currents, but also the aft volume. 

Now the aft volume is the main agent in the matter of screw propulsion, as it is the 
resistance which the screw blades bear against to push or propel the hull forward, and it 
is evident therefore that the progress of the hull will be increased with the same velocity 
for the propeller, if the aft volume is undisturbed ; because it will then be what is termed 
" dead" or "solid" water, or of the greatest resistance to the backward thrust of the 
screw blades. 

The type of propeller under notice is arranged to encompass all of the requirements 
that have been mentioned, by a mechanical contrivance which enables the engineer on 
deck to set the blades fi:'om their fore and aft position when at rest, to any angle that is 
best for their duty when at work. 

To enable this to be fully imderstood we next direct attention to the Plate 32, which 
illustrates the latest arrangement in this matter. The side sectional elevation illustrates 
the entire arrangement of the propeller, lifting frame, stern and rudder-post brackets, and 
the feathering gear ; which is arranged thus : The boss of the propeller instead of 
being globular or zone shaped, is formed of two cylindrical bosses cast with the gudgeon, 
into which the securing portions of the blades are fitted. As each of these portions have 
levers formed with them, the bosses are grooved through on one side fore and aft to admit 
the levers to pass down into their seats. To prevent their return, and to seciire the blades 
from shifting up and down, the grooves are filled with stop-blocks of metal that are fastened 
by bolts and nuts as shown in the side sectional elevation, by the section through the 
centre of the propeller, and in the plan. The levers are connected by two double-eye 
plates and pins to two projections formed on a sliding clutch, that surrotmda the aft 
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gudgeon and revolves with it ; this clutch is merely a ring of metal with a deep groove 
in the centre of its width, and within the groove is secured a non-rotary or sliding ring, 
the lower portion of which is cast separate, and fitted to the upper and secured thereto 
by bolts and nuts for the purpose of erecting it while the propeller gudgeon is hung in 
its bearings ; these details are shown in the side elevation, and also in the end view of the 
clutch and motion gear. 

The sliding ring is fitted with lignum-vitaa strips for the clutch ring to work against 
instead of metal, as the frictional contact is reduced thereby. 

The sliding motion required for the clutch to turn the blades in their seats is 
attained from two beU cranks, supported in brackets cast with the aft side of the frames 
that guide the sliding ring also. The lower cranks are connected to the sliding ring by 
pins, and those above to a vertical motion piece which is hung from the lower end of the 
motion screw in the cross piece. The action, therefore, is thus : on turning the screw 
the motion piece descends, lowers the cranks, and those below shift the clutch and 
eye-plates which turn the levers formed with the blades in opposite directions, and of 
course return them to their former position when the screw raises the motion piece. The 
arrangement is, therefore, of the simplest order, while all the details can be examined 
without disconnexion, a matter of the highest importance at sea. 

The plan shows the blades set at an angle, and the clutch forward ; but the elevation 
depicts the blades fore and aft with the clutch back. In the elevation we have shown 
their relative positions also. 

The bearings for the gudgeon are fitted with lignum-vitaB strips, as the usual practice, 
and the caps and supporting portions are connected by bolts and nuts, their number and 
position being shown in the plan. 

The cross piece is connected — ^being a separate detail — to the sides of the frames by 
bolts and nuts passing through the sides of the cross piece within the length extremities, 
as shown in the sectional elevation and plan over it. The fittings are the ordinary kind, 
excepting those for the feathering motion, which of course are additional, and can be 
easily understood from the two views we have just referred to. 

The example that we have referred to has been fitted in Her Majesty's ship Aurora 
of 2355 tons. The engines are 400 nominal horse-power, and the vessel has been on 
foreign service for the last six years ; having had, therefore, ample time and opportunity 
to test the reliability of the mechanical arrangement as well as the efficiency of the system 
adopted for the purposes advocated. 

As feathering propellers have been constructed of much less dimensions than what we 
have described, we illustrate an example by Plate 33, which includes an outside elevation 
and plan of the entire arrangement from the weather deck to the keel. 

The hand gear shown above the deck is the same for large as for small screws, so that 
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the difference in the two examples pertains to the forms of the crosspieces and their con- 
nexion with the caps, below, chiefly. 

The following Table relates to the ships and their engine power which have been 
fitted with Feathering Screw-Propellers. 

TABLE OP THE PABTICULAES OP THE PATENT FEATHERING PeOPELLEBS PITTED TO ShIPS, 

BY Messrs. Maxjdslat, Sons, and Field. 



Name of Ship. 


Nominal Power of 
tbe Engines 
collectively. 


Diameter of the 
Propeller. 


Pitch of the Propdler. 


Bospborus 


Horse-power. 
100 

100 

100 

150 

300 

800 

800 

800 

800 
12 
60 
20 
12 
28 

400 
20 
40 

300 


Ft In. 
10 
10 
10 
12 6 
16 
15 
15 

15 

16 -6 

5 

6 

7 

5 

6 11 

17 

7 

8 
15 


Ft. In. 
21 6 


Hellespont 

Propontis 


21 6 
21 6 


Harbinger 


17 


Queen of tbe South 

Calcutta 

Lady Jocelyn 

Indiana 


17 
17 
17 
17 


Prince 

Drairon-Fly 


16 
5 10 


sto7k .:...:.:.. . 

Firefly 


8 
8 6 


Fleur-de-lis 


5 10 


Nora Creina 


10 


Aurora 


17 6 to 22 ft 


Sunbeam 


9 6 


Hebe 


9 


Argo 


17 



Feathebino Scbew-Pbopelleu — Maudslat's Patent — Fitted to the Austbalian 
Steam Ship " Victobia," by Messbs. J. and G. Rennie. Plate 34.* — This exampTe is the 
" fixed" type, therefore the " lifting frame " which has been shown in the two preceding 
plates is in this case omitted. The propeller is of course supported fore and aft by the 
stem and rudder-post brackets, and the bearings are of gun-metal, suitably arranged for 
renewal when requisite ; this is clearly shown by the sectional elevations. 

The details of the " feathering " gear consist of the revolving clutch, sliding disc, 
eye-plates, blade and crank-levers and motion-rod as for the two other propellers of 
this kind ; and the arrangement of them is nearly the same also ; the main difference 
being in the bell cranks' supporting brackets, which are formed with the aft bearing in this 
example. There is also a fixing stay directly over this bearing to counteract the lifting 
action of the levers when they are shifting the blades. The form of the boss of the 
propeller can be seen from the sectional plan at A B of the elevation ; it shows also the 
eye-plates, clutch, and a portion of the forward bearing. 

• By N. P. B. 
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The "stop clip,'* to ensure that the blades retain their vertical position when 
required, is shown in connexion with the blade, also the guide, bracket, screw, rod, and 
blade-fixing nut. 

The loop on the end of the motion-rod and the swivel and screw in connexion, are 
depicted in section, and as they are so simple we can pass at once to the fixing-nut for 
the bearing stay contained in a recessed bracket which encloses the extremity of the upper 
motion rod also. 

The complete plan of the propeller illustrates the outline of the feathering gear as 
far as the clutch only, and beyond this the fore and aft bearings are shown in section, 
which extends to the side portions of the brackets also, together with parts of the posts to 
which they are secured. 
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CHAPTER XV. 

a dbsceiption of seveeal proposed arrangements for feathering the blades 

of screw-propellers. 

By N. p. Burgh. 

THE purpose of this chapter is a record of various proposals — patented and not 
patented — ^that have come under our notice for feathering the blades of screw- 
propellers, excepting the arrangement by Messrs. Maudslay, Sons, and Field, which that 
firm has described in the preceding chapter under their name, therefore does not require 
notice here. 

We commence with the description of a proposal that was patented as far back as 
1844, by that able veteran in the wars of screw propulsion, Mr. Bennet Woodcroft, which 
is illustrated at a large scale by Fig. 46, on the next page. 

The an'angement first relates to shifting the blades of screw-propellers, which, when 
required, enable the angle such blades form with the driving-shaft, or axis upon which they 
are placed, to be changed from a less angle to a greater, or from a greater angle to a less, 
so that the best pitch of the blades may thereby be obtained for driving the vessel under 
varying circumstances, such as alterations in the speed of the vessel, in the depth of its 
immersion in the water, and in the current of water or wind, or of both, in which it is 
acting. Next, in the combination of apparatus with the blades, by which they are held 
to any required angle with the driving-shaft upon which they are placed, or are moved 
from one angle to another, so as thereby to alter their pitch. And, lastly, in the 
combination of an indicator, with the above - mentioned apparatus and blades, so 
constructed as at all times to show at what pitch the blades then are, or as nearly so 
as in practice is required. The nature of this arrangement admits of its being applied 
to a screw-propeller having any required number of blades, and such blades might be of 
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any shape or dimensions capable of being moved, so as to alter their pitch as much as is 
required to obtain the best results from the screw. 

Having now described the nature of the arrangement, we next proceed to show the 
manner in which the same may be performed by the following description^ reference being 
made to the illustrations below. The side elevation represents a portion of a steam vessel, 
with the whole of the arrangement attached thereto. The groove-box, which slides upon and 
turns round with the shaft, and also the cranked lever and part of the rod by which such 
box is slid backwards or forwards upon the shaft to the required distance, is shown by the 




Mr. Bennet Woodcroft's Clutch and Leyer arrangement for Fea- 
thering the Blades of Screw-propellers. Patented in 1844. 

Fig. 46. 

end elevation of the bell-crank gear. In the side elevation is shown the periphery of 
two blades, at three different angles to the driving-shaft or axis upon which it is placed, 
each of the angles being shown by the lines C, B, A, above. Now suppose that the 
periphery of each blade of the screw is at the angle shown by the line A, the blades will 
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whereby the angle of the blades of the propeller may be altered or regulated, and the blades 
brought into a line with the keel. 

The sectional plan is a horizontal section taken through the hollow shaft and boss, 
to which the propeller blades are attached ; and also represents part of the stem of a 
vessel with the propeller applied thereto. 

The propeller blades may be either straight or curved, as may be thought most 
desirable, and the pin stud or axle at their lower end, which is inserted into a hole or 
socket made in the boss of the shaft for that purpose, is made round or cylindrical. But 
a portion of the extreme end of these pins or studs are made square, for the purpose of 
fitting into a pair of sockets connected with the apparatus for altering the angle. 

The boss of the propeller shaft is made hollow, as before mentioned, and is of 
a conical form, as shown in the elevation and plan, and the pins, studs, or axle of the 



fl 
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Mr. Christopher Dimkin Hay's Screw and Gearing arrangement for Fea- 
thering the Blades of Screw-propellers. Patented in 1845. 

Fig. 47. 

propeller blades pass through circular holes made in the conical boss, so as to allow 

the said blades to turn on their centres when required, but at the same time the conical 

boss acts as a shoulder or support to the blades, and retains them in their proper 

position, as will be clearly understood by referring to the elevation. To the outer or 

larger end of the conical boss a cap-piece is bolted as seen in the two views, and carries a 

short shaft which forms, in fact, a continuation of the propeller shaft. This shaft is 

furnished with a movable bearing or step, which rests upon and is supported by a block 

that is firmly seciired to the rudder-post, and fills up the lower half of the vacant space 

between the propeller-blades and the rudder-post. The inner or smaller end of the 

hollow conical boss is also famished with a movable plunmier-block or bearing, but of 

larger dimensions, and also rests upon and is supported by a stationary block, which is 
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firmly secured to the stern-post and fills up the lower half of the vacant space between 
the propeller-blades and the stem-post. The hollow conical boss and the short shaft, 
together with their respective movable bearings or plummer-blocks, are held securely 
in their places, and kept from moving either vertically or laterally by means of other 
movable blocks which are let down from above, and by resting upon the conical boss, 
and the short shaft, effectually prevent them from rising. These blocks, when in their 
places, are secured by pins or in any convenient manner, and fill up the other half of the 
vacant spaces between the propeller-blades and the stem and rudder-posts. The inner 
end of the conical boss is furnished with a clutch, which fits into a corresponding clutch 
made at the outer end of the propeller-shaft, so that the propeller may easily be discon- 
nected from the shaft, and imshipped, when required. 

It will be remembered that the pins or axles of the propeller-blades pass through 
holes made in the conical boss, but that the lower ends of these pins or axles are made 
square for the purpose of fitting into sockets. These sockets are enclosed in the hollow 
conical boss, as shown. The pin of one of the propeller-blades passes through one 
hole in the conical boss, and its square end is received in the square socket of one of 
the pieces, and the pin or axle of the other blade passes through another hole made on the 
opposite side of the* conical boss, and is received in the square socket of the other piece. 
When the blades are to be placed in the proper position, the holes or sockets of the pieces 
must be brought into coincidence. Then, when the blades are placed in their proper 
sockets, the end of the pin or axle of one blade will abut against the end of the other, 
and in order to keep them steady a pin or stud on the end of one of the axles, is made to 
enter a corresponding hole or socket made in the axle or stud of the other blade. The 
socket pieces are connected by means of links to a block which is moved backwards and 
forwards in grooves made in the conical boss by means of the rod which is screwed at 
one end, and passes through an internal screw made in the block, and has at or near its 
opposite end a bevel pin in the box. This pinion gears into, and is driven by, a similar 
pinion, the axle of which passes through the side of the bpx, and may be turned by a 
smaU winch or key. 

It will now be imderstood and clearly seen by reference to the illustration, that 
upon communicating motion by means of bevel pinions to the shaft, the inner end 
of which bears against the end of the box, the block will be made to advance or 
recede along the groove made in the conical boss, according to the direction in which 
the screwed shaft is turned, and as the block is connected to the socket pieces by the 
links, the said sockets will be caused to move roimd, and will thereby turn the blades 
roimd on their axes, and consequently alter the angle from which they were originally 
placed. The detailed view above the elevation, represents the position the block, the 
link, and the socket pieces would assume when the blades are brought to form nearly a 
right angle with the keel ; and the other view above the gearing illustrates the position 
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of the several parts when disconnected. Any angle, therefore, between the two limited 
positions would be a propelling angle, and may be obtained simply by turning the axle of 
the bevel pinion, as before mentioned ; and in order to know the particular angle at which 
the blades are acting, a graduated dial-plate on the top side of the box, and an index 
adapted thereto is situated, which is worked in the following manner : — The inner end 
of the shaft is furnished with a coarse-threaded screw — as seen in the plan — ^which gears 
into and drives a small horizontal wheel on the upper end of the shaft or axle, on which 
an index is afl^ed. The dial-plate is graduated according to the pitch of the screws at 
the ends of the shaft, and the number of the teeth in the wheel; so that it will be 
known by inspection at what angles the blades are, or how many revolutions to impart to 
the regulating shaft to give a certain angle to them. When the propeller is not in use it 
may be covered up so as to be completely protected, and to present a more even, regular, 
and unbroken surface to the run of the water than is presented by the filling pieces. For 
this purpose the blades of the propeller are brought into the line of the keel, as shown 
by dotted lines in the plan and elevation, and the propeller and all its apparatus are 
enclosed as depicted. 

K it is required to unship the propeller, and bring it up on deck, the blades must be 
made to assume an acute angle with the keel, in order to admit of the filling pieces or 
blocks being removed ; and when the blades are, by means of the shaft and its gearing, 
brought to the proper angle, the filling pieces or blocks are raised up by turning the 
pinions which gear into racks made on or attached to the back of the blocks. When 
these latter have been removed firom their grooves it will be necessary to remove the 
screwed shaft, so as to allow the hollow boss to be disconnected from the clutch of the 
propeller shaft. In order to do this a short length of the propeller must be removed, as 
is generally the case in operations of this nature ; then the end of the box is taken away, 
and the bevel pinion and small horizontal wheel is removed, so as to allow the shaft to be 
unscrewed from the sliding block of the conical boss, and withdrawn from the latter. The 
propeller with the conical boss and short shaft may then be raised up bodily, and brou^t 
on deck through the opening provided — ^which we add is a complicated means. 

Mr. Bennet Woodcroft came forward again in the year 1851 with an arrangement 
relating to the construction of screw-propeller blades in combination with other apparatus 
by which such blades may be moved through any or through all the degrees of a circle, 
whereby the screw may be worked at any pitch, and also whereby an increasing pitched 
screw may be made to drive a vessel either forward or backward by the concave sides of 
the blades — when using propellers with increasing pitch, which is preferred — ^without 
either stopping or reversing the motion of the engines. 

And further, it embraced the construction of screw-propeller blades in combination 
with other apparatus, by which a vessel may be thereby propelled either forward or 
backward, or stand still, without either stopping or reversing the motion of the engine. 

This is first illustrated by Fig. 48, which represents portions of propeller blades having 
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circular axes, on each of which is fixed a worm wheel in gear with a worm pinion or screw 
keyed on a shaft on which is fixed also a tooth pinion. 
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Mr. Bennet Woodcroffc's hollow Screw Shaft and Gearing arrange- 
ment for Feathering the Blades of Screw-propellers. Patented 
in 1851. 

Fig. 48. 

A spur wheel is fixed on the hollow shaft which passes through the stuffing box into 
the ship, where it is in gear with wheel work, for changing the direction of motion to 
the extent and at the times when necessary. 

The boss of the propeller is made in parts, which is hollow sufficiently to enclose 
the worm wheel, the worm, and the pinion shaft, so as to retain them in any position 
required. It will be evident, therefore, that when the hollow shaft is turned around on 
the solid shaft, in either direction, the blades of the propeller may be moved to any 
relative position accordingly. 

The illustrations shown by Fig. 49 represent elevations and plan of a propeller boss 
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Mr. Bennet Woodcroft's Clutch and Lever aif angement for Feathering the Bkdes of Screw- 

propellers. Patented in 1851. 
Fig. 49. 
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and blades with a circular axis passing into a similar opening in the boss, as before. To 
each axis of the propeller is fixed a short crank, which passes into an opening in the boss, 
in which it works, and by which it is held in its place. A rod or link is used to move the 
blades, one end of which is attached by a joint to the crank, and the other by a similar 
joint to the sKding box. This sliding box, moved by a lever, works back or forward 
on the propeller shaft, and revolves with it by means of a key-way in the box sliding on a 
key fixed to the shaft. 

The lower end of the motion lever is forked, having two studs, one on each end of 
the forked part ; these studs fit into opposite sides of th e groove aroimd the shding 
box, as shown iii the plan of the blades. 



-SIDE ELEVATION- 




Mr. Bennet WoodcrofVs Clutch and Lever arrangement for Feathering the 
Blades of Screw-propellers. Patented in 1851. 

Fig. 50. 

A pin or ftdcrum is attached to the stem of the ship, on which the lever works ; also 
there is another sUding box opposite, that is constructed and working like the one last 
described, which is actuated by a lever, as before alluded to. 

Attached to the opposite ends of the box are rods which force a break by means of a 
wedge against the shafts of each of the propeller blades, whereby the latter become fixed 
to the angle required. It will be obvious, then, that when the breaks or wedges are 
withdrawn by the lever in connexion, the propeller blades may, by their levers be moved 
into any of the positions, as shown in the plan, whilst the engine is in motion, and the 
vessel may thereby be moved forward or backward, or remain stationary. 

By the above illustrations, Fig. 50, the propeller is shown as formed in all respecte 
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like that last described ; but with this exception, that there is an additional sliding box 
and lever, and that each of these levers and boxes actuates only one of the propeller 
blades; the connecting-rod attached to the clutch works through an opening in the 
sliding box. It will be obvious, therefore, that if the ship has lost its rudder, and the 
screw-shaft remain stationary, with the propeller blades in a vertical position, they may 
by the levers be so moved as to guide the ship. This propeller may also be made to act 
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Mr. BenDet Woodcroft*8 Clutch and Gearing arrangement for Feathering 
the Blades of Screw-propellers. Patented in 1851. 

Fig. 51. 

like the one arranged, and illustrated by Fig. 49 in page 173 ; the blades being fixed 
in the same manner ; and, in addition to this, the propeller may be made to drive a ship 
laterally by causing each blade to move through a quarter of a revolution and back again 
at each revolution of the propeller shaft. 

This is shown by Fig. 51, where the axes of the propeller blades are formed similar 
to those in Fig. 48 in page 173 ; but instead of a worm wheel there is a spur wheel fixed 
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Mr. Bennet Woodcroft*s Rack and Clutch arrangement for Feathering the Blades 
of Screw-propellers. Patented in 1851. 

Fig. 52. 
on each of them ; the sliding boxes also of this propeller are constructed and worked 
like those shown and described in reference to Fig. 49 ; but in place of the connecting rods 
there are racks, the teeth of which gear into those of the spur wheel and actuate them 
as before described. 

This has been arranged by other methods, as shown by Fig. 52, where the propeller 
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and the apparatus in combination therewith is similarly constructed to that shown and 
described in relation to Fig. 51, with the exception of the sliding box being inside of the 
vessel, and the rods attached to the racks ; these rods are recessed into the driving shaft, 
and those parts which pass into the box have each a projection upon them supporting a 
friction boss, which passes into the groove inside the box. This box does not revolve 
with the shaft, but is capable of being moved backward or forward only ; and when it 
is required to drive the vessel either forward or backwards, these jfriction bosses are 
confined in the groove by the switches, and the angle of the blades is then varied 
by moving the box forward or backward ; when, however, it is required that the vessel 
shall move from one side to the other, this box is taade fast, and the switches move the 
friction bosses either into the groove, or one of these grooves moving one of the propeller 




Mr. Hewitt's Mitre-gearing arraDgement for Feathering the Blades of Screw-propellers. Patented in 1855. 

Fig. 53. 

blades broadside on it as it passes over the propeller shaft, whilst it is made to pass 
edgeway on as it passes under the propeller shaft ; and the other groove causes each 
blade to move edgeway on as it passes over the propeller shaft, and broadside on 
as it passes under the shaft, whereby the vessel is moved laterally in either direction. 

After this in 1855, Mr. William Hewitt, a gentleman having a taste for mechanical 
pursuits, patented an arrangement ; and he appropriately commences his description of it 
with the notice, that it is needless to dwell on the fact that a successful mode for altering 
the positions of the blades of the screw-propeller, is of considerable importance to navi- 
gation. The arrangement proposed by him is illustrated above by Fig. 53, in sectional and 
complete elevations, where it is shown that on the main shaft of the propeller, there is fitted 
a boss ; or it can be welded thereon if desired, according to the nature of the metal 
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used ; or otherwise constructed, as may be most expedient. Encasing this shaft for a 
suitable portion of its length is a tube of strength proportionate to withstand the lateral 
shocks to which the screw-propelling apparatus is always liable. On the end of this 
tube nearest the stem of the vessel is adjusted and secured a beveled toothed wheel, the 
teeth of which gear into those of two quadrant-shaped toothed racks that are firmly 
secured to the blades, in the position as shown in the complete elevation. 

In the sectional view there is shown a straight rack and pinion, the former being 
fixed to the tube on the shaft. The use of this rack and pinion is to shift the tube forward 
and backward, and thus put the beveled gearing in and out of gear. 

Beyond this is screwed on the tube a clutch and toothed spur wheel in gear with a 
pinion supported below it. The object of these details is to cause the tube on the shaft to 
rotate independently if desired when the beveled wheel and quadrants are in gear, and thus 
shift the blades to any required angle, the quadrants being placed on the blades in such 
manner, as shown in the illustrations, that if they were working in the water little or no 
resistance would be made ; but when the opposite ends of the quadrants commence to 
gear or work into the wheel, the feathering and consequent impingement on the water 
and resistance of the latter commences. To effect this propelling power, it is requisite 
to turn the pinion by a handle, as shown ; this imparts motion to the tube or casing, 
firom thence to the bevel wheel, which acts on the quadrant-shaped racks affixed to the 
screw blades, and by this operation the blades, which are screwed into the boss, are acted 
upon, and can be moved in either direction, left or right. The screw blades being im- 
mersed in the water would render it difficult to ascertain at what angle they might be 
working at any given time ; but to provide against this imcertainty, the clutch is fixed 
on to the side of the spur wheel attached to the tube, with grooves cut round the face 
of it, and numbered with the different degrees requisite for the working of the screw 
blades. A second clutch, not shown, is provided with a tongue across its surface, is made 
to traverse on the main shaft, and when the blades are feathered or set to the required 
angle, this clutch is forced forward by means of a lever into the groove it is intended 
to be fixed, and the shaft being then set in motion, the propelling power is obtained. It 
may be well to observe that the clutches, racks, and pinions, are all worked from the 
engine room of the ship, and consequently imder the immediate control of the engineer 
in charge. 

Next we direct attention to Mr. Thomas Wingate's proposal for feathering the 
blades of screw-propellers, in the year 1857, when he started boldly with his description ; 
for he states : 

Screw-propellers, made according to this arrangement, while they are easily 
adjustible to all the angles or working pitches required, are quite as safe and steady in 
working as the best solid or immovable bladed screws can be. The arrangement is 

^ A 



Digitized by 



Google 



178 



MODERN 8CREW-PROPUL8ION. 



suited for various forms of screw-propellers, and it is applicable to such as have large central 
bosses. Each blade is made with a very wide or thick neck, having an end central stud 
or pin fitting a corresponding hole formed in the boss, whilst the thick part of the neck 
is faced off to a shoulder with an inclined outer edge or rim, accurately fitting to a cor- 
responding recess turned in the boss. Each neck or shoulder portion carries a toothed 
bevel wheel or a segment of a wheel, in gear with a central bevel wheel or segment loose 
on the screw shaft ; thus, in a two-bladed screw this gearing consists of three wheels or 
segments of wheels, the object being to cause both blades to turn upon their axes 
together when one is turned. In the interior of the large boss there is contained 
a double lever arrangement, or other suitable movement, connected with an extemaUy 
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Mr. Wingate*8 Lever and Gearing arrangement for Feathering the Blades of Screw- 
propellers. Patented in 1857. 

Fig. 54. 

projecting screw head, which can be reached from the interior of the ship. When the 
screw blades are to be shifted, the operator, by means of a key or screwing rod, turns 
the working screw of the levers within the boss, when the combined action of the 
two levers then lifts or forces out the two screw blades from their holding recesses in 
the boss. In this condition the two blades are perfectly free to turn upon their axes to 
any required working angle. When this is done, a chp on the lower end of a vertical rod 
which is passed down from the ship's deck above, is made to embrace the outer end of 
one of the propelling blades. The turning of this clipping rod then obviously turns both 
blades to the angle required, when both blades are again forced down into their socket* 
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recesses and secured by the operating screw of that movement ; the turning cUp is now 
removed and the propeller is ready for work. A deck index is fitted up at the top of the 
vertical turning or setting rod, for the purpose of pointing out the exact angle to which 
the screw blades are set after each adjustment. 

This feathering arrangement is illustrated by Fig. 54, which represents a side sec- 
tional elevation, an end elevation partially in section, and sectional and complete plans ; the 
clip and top end of the key for turning the blades not being shown. It will be seen that 
the blades of the screw-propeller are fixed in position by means of a pair of levers, which 
raise the blades of the propeller out of their sockets or force them into the same. The 
levers which force out the propeller blades are actuated by means of a screw, the upper 
end of which is squared to receive a socket-key corresponding thereto ; this key is lowered 
down on to the squared end of the screw through an aperture made in the deck and timbers 
of the ship. The screw-propeller is fitted into an opening made in the timber or iron 
forming the part which is technically known as the " dead wood " at the stem of the 
vessel. The driving shaft of the propeller is carried in bearings fitted in the uprights 
which form the sides of the opening. The main boss is keyed by an angular cotter to 
the shaft of the propeller. The boss is of a globular form at the central part, and tapers 
off at each end so as to facilitate its passage through the water. The tapering or conical 
portion at the after part of the boss consists of a comparatively thin casing, which serves 
to encase the ends of the levers which lift the propeller blades, and this casing also 
prevents the water, as it is thrust aside by the central part of the boss, from closing 
abruptly behind it, which would tend to impede the speed of the vessel. 

The fore part of the boss is loose upon the driving shaft, and its edge next the 
central part is made with teeth, which gear with corresponding teeth upon the shank 
ends of the propeller blades. The teeth on the edge of this part may either be made 
entirely round the circumference, or only upon parts of the periphery ; in the former case 
each part forms a portion of a bevel wheel, in the latter it is a double segmental wheel. 
The teeth on the loose part of the boss are made upon a portion only of its edge, as 
shown in the plan, a corresponding number of teeth being made in the opposite or 
under side of this part. The teeth on the loose part of the boss gear with the bevel 
toothed segments made on the shank ends of the propeller blades, so that when one of 
the blades is caused to turn upon its axis it actuates the loose part, which turns the 
other propeller blade and moves it exactly in accordance with its fellow blade, but 
of course in the opposite direction. The propeller blades at the inner part near the 
boss are made with a broad circular neck, which is turned to a conical shape, and fits into 
a corresponding recess made in the central part of the boss. A part of the periphery of 
the neck is made with teeth, which gear with those on the loose part. The plain conical 
portion of the neck fits the recessed part of the boss, which part is accurately turned to 

2a2 



Digitized by 



Google 



180 MODERN SCREW-PROPULSION. 

correspond in form to the exterior of the conical neck. The shank of each propeller 
blade passes through, a central opening in the recessed part of the boss, and the end of 
the shank is received in a space formed in the metal of the boss where it surrounds the 
driving shaft. The central part of each shank is turned to form two retaining collars, 
which receive between them the forked ends of two levers. 

It will b6 seen from the elevations that the upper lever is shown as one of the first 
order, in which its fulcrum is between the power and the resistance or the propeller 
blade, whilst the lower lever is one of the second order, in which the resistance is between 
the power and the ftdcrum. These two levers are moved in concert, but in opposite 
directions, by means of a screw, which passes through the driving shaft and is fast to the 
levers. The forked ends of the levers pass on each side of the central part of the shanks 
of the screw-propeller blades, as is shown in the sectional plan, which is a section through 
the dotted line, A B, in the end view. One end of the screw is squared, and comes 
opposite the conical or ftmnel-shaped opening made through the part of the boss. 
A socket-end key is fitted to the squared end of the screw, and this key is of sufficient 
length to be passed down from the deck of the vessel through apertures, made for the 
purpose, in the deck and timbers, or plates, of the ship. When the pitch of the screw is 
to be adjusted or its blades brought into a line with the keel of the vessel, the key 
is lowered down imtil its end passes into the opening, and on to the squared end of the 
screw. The rod of the key is then tiumed around so as to cause the screw to be screwed 
downwards. As the screw descends it carries with it the ends of the levers. The 
motion of the levers causes the conical parts of the propeller blades to be partially thrust 
out of the recesses in the boss, in which they were previously wedged. The instant the 
necks of the propeller blades are free of their seatings in the conical recesses, the blades 
may be readily turned upon their axes and set to the required angle, or in a plane corre- 
sponding with the head of the vessel. The turning of the blades is effected by means of 
a chp, not shown, which slips over and grips the edge of the upper propeller blade. 

In the year 1861 Messrs. Brickhill and Noble proposed an arrangement, which was 
illustrated in the Enghieer in the beginning of that year, to set the blades of screw- 
propellers to any required pitch or angle, according to the power of the engine, or as may 
otherwise be required. 

The illustration. Fig. 66, is a side sectional elevation of this method, which consists 
of a vertical shaft passing through the deck of the vessel and down to the aft end of the 
boss of the propeller; this shaft has a horizontal beveled pinion attached thereto, 
gearing with a vertical beveled wheel, secured to a shaft on which is a worm or screw 
within the boss. The ends of the blades revolve in the boss, and have affixed to them 
worm wheels, the teeth of which exactly fit the spaces on the horizontal worm. Thus it is 
certain that as motion is imparted from the deck to the vertical shaft the blades wiU be 
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moved in opposite directions to the pitch or angle required; when the shaft is not 
required to be used for the purpose it can be raised slightly by means of a screw collar on 
the deck for the purpose of disengaging the wheels, or throwing them out of gear. 

The blades having been set to the required pitch are kept in position, not only by 
the pressure of the worm wheels on the horizontal screw, but in order also to resist the 
strain a quadrant is attached to the base of each blade, and secured to the flat sides of 
the boss by a screw which is loosened or tightened by a spanner or square-ended rod 
passing through a guide tube in the deck, to ensure its dropping on or into the screw. By 




Messrs. Brickhill and Noble*8 Worm and Pinions arrange- 
ment for Feathering the Blades of Screw-propellers, 
proposed in 1861. 

Fig. 55. 

this arrangement the whole screw, with boss, wheels, and bushes, can be raised up by 
the lifting frame on to the deck for repairs or otherwise. 

Mr. Owen an engineer of Manchester, in the year 1862, made public his scheme for 
feathering the blades of screw-propellers as illustrated by Fig. 56 on the next page, which 
consisted of the use of rods passing from the propeller through the stem tube, stuffing 
box, or gland, as desired, and revolving with the screw-propeller shaft, for the purpose 
of transmitting motion from the engine room, or the end of the screw alley, to the 
feathering and locking gear within the propeller's boss, which is described as follows : 

On the ends of the blade spindles are fixed toothed wheels by which the blades are 
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made to revolve by the inward and outward motion of the tube fitted on the small part 
of the shaft, and having in its racks, gearing into the toothed wheels at the ends of the 
blades. On each blade spindle above the pinions a collar is secured, and in it are two or 
more holes or recesses, for the purpose of receiving bolts for locking the blades. 

Motion is imparted to the tube by the rods, which pass through the stuflSng box into 
the engine room. The locks or bolts that enter the holes or recesses in the collars, 
take the strain off the feathering gear, and are worked by the levers acted upon by the 
rods, which also pass through the stuflSng box into the engine room or screw alley. The 
spaces through which all the aforesaid rods work are made water-tight, and the packing 
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Mr. Owen*s Rack and Pinion arrangement for Feathering the Blades 
of Screw-propeUers. Patented in 1862. 

Fig. 56. 

prevented from being cut or worn by the rods by means of a hoop which enters the stuflBng 
box and gland, and revolves with the shaft. 

To the propeller shaft is keyed the flange which has in it four screwed holes, two 
for receiving the screws, connected to the rods which work the tube for. altering the 
pitch of the blades, and two for receiving the screws for working the rods which giTe 
motion to the levers and bolts. 

When it is desh^ed to alter the pitch the engines are stopped, the locks or bolts 
drawn out by means of the screws, and then by turning the screws the blades are ad- 
justed to the required pitch, which is marked on the shaft and indicated by a pointer, the 
locks or bolts are then replaced, and the operation is completed. 
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For feathering, the same plan is adopted, the propeller being brought into an 
upright position by the turning gear of the engines or other ordinary method. 

Of course it is obvious that with all the preceding arrangements, the mechanical 
means has not affected the movement of the rudder, as they are independent of it ; we 
therefore direct attention next to a contrivance patented by Mr. W. J. Curtis, in 1862, 
whereby the rudder feathers the blades of the propeller, which is illustrated by Fig. 57. 
The object of this arrangement is to render the propelling screw of steam ships avail- 
able in combination with the rudder, or even without a rudder, for steering vessels. 
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Mr. Curtis* rudder arrangement for Feathering the Blades 
of Screw-propellers. Patented in 1862. 

Fig. 57. 

The side sectional elevation shows two Griffith's screw-propeller blades, arranged so 
that at the will of the steersman they can be turned and retained at an angle suitable to 
the course of the ship, and thus by the propelling power cause the ship to swerve round 
to any position required. 

This propeller is formed with a hollow boss to receive a compoimd joint coupling, 
which connects the boss with the driving shaft of the screw-propeller. On the outer or 
coupling end of this shaft is forged a block which is bored to receive a short horizontal 
cross shaft. The ends of this cross shaft form trunnions, which enter sockets made to 
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receive them in a strong wrought-iron or other metal ring. This ring is inserted in the 
hollow propeller boss, and it is retained in position therein by means of the stem of the 
propeller blades. Holes are bored in the ring at. right angles to the trunnion sockets to 
receive the stem. The propeller blades are made with a broad flange, in order to bear 
on a flat surface formed on the hollow boss. A coarse screw is cut on an enlarged 
portion of the propeller stems, and the boss is suitably tapped to receive the screws. 
When, therefore, the blades are brought into position, their stems effectually secure 
the boss to the propeller shaft, leaving, however, the propeller free to turn, as on a hinge 
joint. Projecting aft from the boss is a tnmnion, which has its bearing in a swing 
frame. This frame, when constructed as shown in the illustration, is covered with wrought- 
iron plates, and therefore forms a rudder for steering of the ship. To ensure that the 
propeller turns freely on its compound joint, it is requisite that the centres of the joint- 
pins of the rudder and of the compound joint should be so arranged as to lie in the same 
vertical plane. It must be understood that the weight of the propeller and the strain 
to which it will be subject is sustained entirely by the driving shaft, the trunnion pro- 
jecting from the rear of the boss acting simply as a guiding arm for changing the position 
of the propeller blades with respect to the line of progress of the ship ; and it will be 
understood that when the rudder is moved by the steersman the propeller will swing 
round with it without its rotary motion being affected by the change of position, and 
that by acting at an angle to the propeller shaft it will materially expedite the operation 
of steering or manoeuvring. 

Returning again to the clutch and lever arrangement, we notice next the method by 
a Mr. Livingstone for feathering the blades of screw-propellers as illustrated by Fig. 58, 
which is shown by six different views on the next page. The propeller is two-bladed, 
having the blades and the boss formed together in one casting as seen in the sectional 
elevation. The boss, instead of being bored out for the reception of the driving shaft, has a 
circular recess in its centre for the reception of the forward bearing, which is fitted and 
keyed on the driving shaft, the aft bearing is similarly fitted into the boss, but fastened to it 
by screw bolts. The inner periphery of the boss bearing is fitted with two half-brass bearings 
to reduce the friction of the propeller in its bearing ; both bearings, with their brasses, 
when fitted into the groove of the boss and screwed together, will secure the propeller 
as a strap around an eccentric, and carry it aroimd with the driving shaft, besides 
allowing the propeller to be turned around its longitudinal axis, as shown in the sectional 
.views. The half bearing has two holes opposite each other, in which two feathers or 
lock pieces are sliding, which may be moved into corresponding recesses in the boss, 
whereby the propeller can be locked into its required position, and kept there until 
the feathers are withdrawn from the recesses. The other ends of the feathers fit loosely 
into a grooved disc, which disc will remain stationary while the feathers are revolving 
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with the driving shaft. This disc has on its outer periphery diametrically opposite, two 
pivots moving in two inclined slots in the ft*ame. The inner width of the frame is a 
little larger than the diameter of the disc, so as to allow the disc and the feathers to slide 
into or out of the recesses without causing any friction against the sides of the frame. 
The inner length of the frame is equal to the diameter of the disc, plus the length of the 
inclined slots, so that the frame can be raised or lowered for the length of the slots ; the 




Side Elevation and Plan when 
the Blades are set at the 
least Pitch. 



Side Elevation and Plan when | 
the Blades are set at the 
greatest Pitch. 



Sectional Elevation and Plan. 



Mr. Livingstone's Clutch and Lever arrangement for Feathering the Blades of Screw-propellers. 

Patented, 1868. 

Fig. 58. 

consequent action of the inclined slots against the pivots of the disc will be that the 
feathers will be pushed into the recesses when the frame descends, and withdrawn when 
the frame rises. 

From the deck vertically down through the stern-frame in a line with the longi- 
tudinal axis of the propeller when in vertical position, a rod is situated* of sufficient 
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thickness, turning in glands properly packed to prevent the entrance of water. This rod 
has on its end that projects out of the stem frame a square piece of iron slotted out at 
the bottom, sufficient deep and wide as to fit into the blade like a spanner, so as to hold 
it in any position. 

The working of the apparatus will be this : — ^When the lever is lifted with the rod 
the spanner will go downward to lay hold of the propeller-blade, at the same time the 
rod will press one end of the lever down, while the other end with the fi-ame will be lifted 
up, and the action of the inclined slots against the disc will withdraw the feathers from 
the recesses in the boss, consequently the propeller will be unlocked at the same time, 
when the spanner has laid hold of the blade, and merely by altering the vertical motion of 
the lever into a horizontal position then the propeller will make the required turning on 
its longitudinal axis in the bearing. This being done, the lever is moved downward, 
whereby the rod is raised, the spanner loses its hold of the blade, the end of the 
lever jointed to the rod will rise, the other end with the frame will go down, and the 
inclined slots push the feathers again into the recesses of the boss, thereby locking the pro- 
peller in the required position : the entire arrangement and the two extreme angular 
positions of the blades are shown by the two complete elevations and plans. 
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CHAPTER XVI. 

a desceiption of modern examples op theust-blocks as fitted to scbew-peopellee 
shafting, by the most eminent marine engineers op england and scotland. 

By N. p. Burgh. 

INTRODUCTION. — The use of thrust-blocks or plates in connexion with the screw- 
propeller of course originated when that instrument was adopted as a means of pro- 



pulsion ; it being evident 
that as the screw blades 
pushed the ship forward, it 
was pushing the shaft also, 
and if the latter shifted lon- 
gitudinally, it affected the po- 
jsitions of the engine cranks 
and connecting rods ; and 
tJso, if the propeller dragged 
the ship astern, it equally 
affected those engine details 
as before, unless a similar 



means of prevention were 
provided. To produce this, 
for both cases, the now ordi- 
nary grooved thrust-block 
was introduced, as shown by 
Fig. 59. 

This was sometimes fitted 
with semi-circular strips of 

Sectional Elevation of the Ordinary lignum- vitSB, aS also illus- 
Thrnst. Block for Screw-propeller trated, and described by 

Mr. Penn, in his article con- 
tained in Chap. XIII, p. 153. 




Shafting. 
Fig. 59. 



In most cases, however, the practice has been to omit the wood and arrange the 
entire details as shown by Fig. 60 on the next page, which illustrates that the brasses 
can be adjusted in a vertical direction only, as they are in halves horizontally, and the 
cap, bolts, and nuts secure them. The lower half of the block is seated on a base plate 
that is secured to the support formed in the hull. The thrust of the propeller is resisted 
also by the ribs above and the projections below the plate, and the key at the aft end of 
the block adjusts it longitudinally when required. 
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The adjustment 
of the wearing sur- 
faces of these blocks 
is of course an im- 
portant feature in 
their successfiil ap- 
plication, and an ar- 
rangement for the 
purpose is illustrated 
by Fig. 61,* which 
is the plan and eleva- 
tion — ^half in section 
and complete — of 
an arrangement that 
consists of the screw 
shaft haying collars 
formed on it that are 




Sectional Elevations of an Ordinary Thrust-Block and 
Base Plate. 

Fig. 60. 



beveled on the thrust 
sides and straight 
opposite : within the 
block is fitted a num- 
ber of brass blocks 
corresponding to the 
spaces between the 
collars on the shaft, 
and behind the blocks 
there are suitably 
fitted forcing or ad- 
justing plates ; at the 
backs of which there 
are three screw cot- 
ters and nuts, on each 
side, the use of these 
being to force the 



brass blocks against the collars of the shaft when required. It will be seen also that there 
are packing pieces, fore and aft of the end collars, for the purpose of adjusting the blocks 



when they are worn suffi- 
ciently to fit on to the shaft 
between the collars ; then 
the packings at the ends are 
taken out, the blocks are 
drawn back and thinner 
packing is substituted ; at 
the same time third and 
fourth packing pieces are 
used as required, of a thick- 
ness equal to the reduction 
of the two former, and put 
in between the blocks next 
to the intermediate rib ; and 
after this the cotters can be 
screwed up and the bearing 
surfaces of the blocks will 
be again in contact with the 
collars on the shaft. 

Of course it will be no- 




Elevation and Plan of a proposed ar- 
rangement for laterally adjusting the 
frictional surfaces of Thrust- Blocks. 



Fig. 61. 
• Appeared in the " Practical Mechanics* Journal," in the year 1854 



ticed that the two collars on 
the forward side of the rib 
are reverse to those aft of it, 
and equally obvious that the 
purpose for this is to resist 
the aft thrust of the pro- 
peller when it is dragging 
the ship astern ; as the seven 
collars that are all formed 
alike, receive the thrust for 
the forward propulsion, and 
the two collars that are 
reversely formed, are to re- 
ceive the thrust for the 
backward propulsion of the 
ship. 

A far better adjustable 
arrangement has been in- 
vented and used with much 
success by Messrs. Maudslay, 
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Sons, and Field, as illustrated by Fig. 62, which consists of facing the rings on the shaft 
on the forward side only, and the resistance to the thrust of the screw-propeller is 
attained by caps being situated against the face of each ring, instead of enclosing them ; 
it will be seen from the sectional view that the frictional surfaces of these caps are 
shaped much as a " horse's shoe,'* and they are held down by lateral studs passing under 
the flanges cast with the casing for that purpose. 

As in due time the frictional surfaces require adjustment, it is ensured by each cap being 
separately fitted with a screwed stud passing through it on each side ; and lugs are cast 
on the casing of the block between which the studs are inserted, so that on turning the 
studs the caps can be shifted, and locked by the nuts behind them on each stud. 

The shaft is supported by two blocks or bearings beyond the adjusting details, fore 
and aft ; and the aft thrust of the propeller is resisted by a ring forged with the shaft 
acting against the forward side of the aft supporting block. 
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Side and End Elevations of Messrs. Maadslay's Adjustable Friction-surface Thrust-Block. 

Fig 62. 

The casing supporting these details is seated on a base plate that is fitted with 
three adjusting studs at each end ; these studs at the aft end set up or push the casing 
forward ; and those forward, draw the base plate in that direction, and vice versdj it can be 
shift/od when required ; so that there is with this entire arrangement a compound means 
for adjustment ; the one portion being unequal adjustment — ^if desired — or equal if pre- 
ferred, by the caps and studs ; and the other the adjustment of the entire detail or the 
casing only as most circumstantially practicable. 

The lubricating essentiahties are also well provided for in this arrangement, by oil 
cups on the caps, and by the channel below in the casing containing lubricant into which 
the rings on the shaft revolve and thus take up suflBcient liquid to maintain a low 
temperature of, as well as prevent heated, bearings. 

Of course, it is obvious that only two thirds of the area of each ring is in contact 
with the cap, and therefore the area of the frictional surface is reduced in proportion to 
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that when the brass encloses the ring ; but as the resisting surface in this case is nearly 
all above the centre line of the shaft, it is ahnost certain that the concentration of Uie 
pressure imposed must produce almost equal friction as that occurring with the ordinary 
arrangement ; and more than this, it remains to consider whether the equalised resisting 
surface is not more effectual than the one now imder notice, because the line of the strain 
being central, it should, properly, be resisted equally aroimd that centre. This evidence 
then being correct, we may safely conclude that the principles of the equal resisting 




Longitudinal Sectional Elevation of a Screw-allej, Screw-shafting, Thrust-blocks, Snpport-blocks, 
lurning Gear, and Lubricating Piping, all of modem construction. 

Fig. 63. 

surface are sacrificed to the adjusting and lubricating properties in this arrangement ; but 
yet with no practical loss. 

It has often been lately the practice of some of the leading engineers to fit ftrt? 
thrust-blocks to the same screw shafting in order to maintain its correct position under 
all circumstances. An arrangement of this kind is shown by Fig. 63, which shows also 
the fittings complete from the engine-room to the stem tube stuffing box. 

The supporting block is usually of cast iron without brasses, soft metal being used 

pipe. The cap and lower 
parts are connected by four 
bolts and nuts, and the 
base portion is secured by 
a similar number. 

Exceptional to the ex- 
amples of thrust-blocks that 
we have referred to in this 
chapter, another mode has 




in their place as a lining 
within the bearing part 
that surrounds the shaft; 
an example of this class is 
shown by Fig. 64. This is 
depicting two elevations of 
it. A portion of each view 
being in section to illus- 
trate the oil chamber and 
been patented by Mr. John Penn, in the year 1857, for resisting the thrust of screw- 
propellers. For this purpose a disc or plate — ^by preference made in two parts so as to be 
readily fixed and removed — is applied between the boss of the propeller and where the 
propeller shaft passes into the ship or vessel. In this plate or disc are fixed pieces of hard 
wood at intervals, in such manner, that the pieces of wood somewhat protrude beyond the 



Eleyations of Ordinary Bcrew-shaft 
Support-block. 

Fig. 64. 
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surfiEice of the disc or plate. The disc or plate is made suitable for the propeller shaft to 
revolve freely in an opening through its centre, and it is applied in such manner as to be 
held from turning around with the propeller shaft. The forward surface of the boss or nave 
of the propeller, or of a plate fixed thereto, is formed or turned truly, and is, when the 
propeller is at work, constantly pressed against the projecting surfaces of the wood in the 
plate or disc, which is, as before mentioned, applied where the propeller shaft passes into 
the vessel. The thrust of the propeller is thus received by the pieces of wood fixed in the 
plate or disc, and this being attached to the stem-post of the ship or vessel transmits to it 
the thrust of the propeller ; the plate or disc and wood fixed to it being immersed in the 
water will be constantly well lubricated therewith. 

Although it is preferred to have the pieces of wood applied to a plate or disc capable 
of being readily removed, this is not essential, and in place of the pieces of wood being 
applied as above explained they may be applied to the boss of the propeller, or to a plate 
or disc fixed thereto, or to the propeller shaft, so as to revolve therewith ; in which case 
the pieces of wood, when the propeller is at work, will be pressed against a plate or sur- 
face formed or fixed aroimd where the shaft of the propeller passes into the ship or vessel ; 
and although it is preferred that this apparatus should be external of the ship or vessel, 
a similar apparatus to take the thrust of a propeller may be applied within the ship or 
vessel, in which case the rubbing surfaces should be kept well lubricated with water. 

This is all fully illustrated in detail by the following Figs. 65, 66, and 67. 
Fig. 65 shows part of a longitudinal section of the stem of the vessel and bracket 




Elevations of the application of Mr. Penn*B Patent Disc for 
resisting the Thrust of raising Screw-propellers. 

Pig. 65. 
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arranged suitably for having the screw-propeller to be raised out of the water ; and also a 
transverse section of the thrust disc, screw-shaft, and complete view of the bracket. 
Fig. 66 shows j)art of a longitudinal section, and a transverse section of the apparatus, ar- 



ranged for a fixed screw- 
propeller ; Fig. 67 shows 
a longitudinal section, 
and transverse section 
of the apparatus, when 
the same is arranged in- 
ternally of the ship or 
vessel. When the boss 
of the screw-propeller is 
of cast iron, it is pre- 
ferred to apply or affix 




Sectional Elevations of the Application of Mr. 

Penn*B Patent Disc for resisting the Thmst of 

Jixed Screw-propellers. 

Fig. 66. 



thereto a ring of brass 
such as is shown in the 
sectional view by Fig. 66, 
suitable for working 
against the wood in the 
part of the apparatus 
which receives the thrust. 
The propeller shaft, as 
shown in Fig. 65, is ar- 
ranged at its outer end in 
such manner as to admit 



of the screw or propeller being separated and lifted, as will be imderstood from the side 
view. The disc in all cases is by preference made in two parts capable of joining together, 
and of being fixed together by screws as shown ; this disc or plate has several openings 
through it, in each of which is fixed a block of hard wood ; these blocks of wood some- 
what project beyond the surface of the disc ; which is prevented from turning with the 
propeller shaft by means of fixed projections as shown by the end view. In the Fig. 67 




Sectional Elevations of Mr. Penn^s Patent Disc and Apparatus for resisting 
the Throst of Screw-propellers, as applied inside the hull. 

Fig. 67. 

the apparatus is shown to be arranged within the ship or vessel ; a trough is formed for 
containing water, the bottom and also the end of which is made of suflBcient strength 
for resisting the thrust of the propeller. This part of the apparatus is fixed in any 
convenient position intermediate of the length of the propeller shaft or shafting. In 
this arrangement the disc is supported by the fixed plate through which the propeller shaft 
passes ; the propeller shaft has affixed to it a brass surface which presses against the 
blocks of wood. This surface is made in two parts for the convenience of its bein^ 
affixed to the propeller shaft by screws and nuts as shown, or by other convenient means. 
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Or, in the place of applying the disc intermediate of the length of the propeller shaft, it 
may be constructed in a suitable manner for being applied at the forward end of the 
propeller or crank shaft, and so that such end of the shaft may be resisted by a similar 
apparatus. 

The application of wood for receiving the thrust of screw-propellers, has since the 
date of Mr. Penn's patent, been successftd, as shown by the Plate 21 at page 129, and 
also by Messrs. Watt and Humphrys, by the Plates 24, 25, and 27, at the pages 136, 138, 
and 145 ; the two latter firms using the disc for the astern thrust only. 

The application of hydraulic pressure to resist the thrust of screw-propellers, has 
also been used, by arranging a ring disc on the shaft to act against a volume of water 
contained in a chamber enclosing the disc and a portion of the shaft. A small pump, 
put in motion by the shaft, is used to force water into the chamber and maintain a 
resistance, against the disc, exceeding the thrust of the propeller, and a correctly loaded 
safety valve on the chamber permits the discharge of the overplus water. This arrange- 
ment, however theoretically correct as far as non-fiiction or nearly that, is attained, is 
not, practically, of sufficient reliant value to warrant its application, on accoimt of the 
fact, that if the least fault occurs in any portion of the apparatus, the remainder, although 
intact, becomes useless for the duty required, which of course, also incurs the stoppage 
of the propulsion of the ship, during the repair of the " break down,** an event common 
with all complicated arrangements. 
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CHAPTER XVII. 

the peinciples and peacticb of the use op theust-blocks foe ebsisting the theust op 

sceew-peopellees. 

By Me. W. Langdon. 

HAVING been requested by my friend Mr. N. P. Burgh to pen a few lines for inser- 
tion in his new work, upon my experience and practice in the construction of 
pushing-blocks for resisting the thrust of the screw in steam-ships, I feel pleasure in 
acceding to his request. 

I append a tabular statement, in which I have selected sixteen different ships (out of 
a far larger number fitted with machinery by Messrs. James Watt and Co.) of various 
powers and tonnage, and ranging between the years 1845 and 1863, inclusive, which 
shows at a glance the results of the practice I have followed. 

I disclaim invention of any sort. Of the three methods referred to in the Table, 
firstly, by annular loose rings rubbing upon each other ; secondly, by the thrust upon the 
end of the shaft ; and thirdly, by the fixed collars forged upon the shaft, were known 
generally, the latter, and certainly by far the best, I believe to have been first intro- 
duced by some one at Glasgow. 

Taking the Eurotas^ in 1845, it will be observed that the surface employed was very 
large ; this was done purposely, the annular ring system not being nearly so efficient as 
the fixed collars. I cannot give the result, as these engines were not erected on board 
the Eurotas, but were placed in another ship several years later, when a different plan wai 
adopted. 

In the Thames and Elbe, the Free Trade and the Eider, 1847, the thrust was taken 
upon the end of the shaft, pressing upon a steel plate, made as hard as possible, and 
immersed in a bath of oil and water, provision being made for the constant change of the 
latter. This did tolerably well ; but constant care and attention was required to prevent 
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fusion, and the plan soon gave place to the collars, or rings forged upon the shaft, now in 
general use, and so efficient as not, in my opinion, to require further improvement. 

In the Table before referred to, I have given sufficient detail to enable any one to 
calculate in his own way what may have been the thrust of the screw in lbs. on the 
square inch, which has been determined in many cases by the dynamometer. As a 
matter of practice, I believe that '75 square inch of collar surface to each indicator 
horse-power is sufficient and safe, requiring ordinary attention only from the engineer. 
For years past thrust blocks have ceased to give me the slightest anxiety when at sea, or 
upon a trial of new engines at the measured mile. 

On board the JcLson (1853) I introduced set pins at each end of the block, by which 
the brass could be adjusted with great accuracy. I have followed this plan since then. 
A drawing of the block is shown by the Plate H. 

These rings or collars may be employed with advantage in paddle-wheels. In 1858, 
when designing those for the Uhter and Munster^ Irish mail packets, two of these collars 
were introduced in each paddle block, thus removing all pressure from the bearings of the 
engine entablature, and confining it to the strongest part of the ship. These wheels had 
a polygon of 29 ft., were 33 ft. diameter over the floats, and each wheel weighed over 
70 tons ; it was, therefore, essential that they should be carefully secured, taking into 
consideration the heavy duty these vessels have to perform. It may be interesting to 
note that these wheels were fitted with lignum-vitsa bearings, working upon brass pins, 
perhaps a very early introduction of the plan. The chief merit of it appears to consist in 
the fact that there is little or no wear upon them, and the small amoimt of friction in 
working is remarkable. For the introduction of wood bearings to screw shafts the world 
owes a debt of gratitude to Mr. Penn. I say " screw shafts," otherwise the plan was not 
new, for when serving part of my apprenticeship at Soho, in 1830, wood bearings were used 
in part of the ordinary lathe shafting ; they were of beech, and were lubricated by oil. 

Messrs. Maudslay have designed and used a peculiar kind of pushing piece. I have 
seen many of them at work ; they answer perfectly, taking the pressure on the upper 
moiety of the periphery of the collars. In the block I have used, it is taken upon the 
whole circle, the centre of resistance being in the centre of the line of shafting. I do not 
think this is of importance either way, the rigidity of the shaft being so much beyond 
what is required of it for pushing purposes. 

In conclusion, I may say however that I do claim the introduction of the solid 
coupling ends to screw shafts, as shown in this book, by Plate 21, at page 129. 

In the VerbanOf in 1852, the shafts were so made, by my friend Mr. Hardy, at the 
Thames Iron Works, who at first pronounced it to be impossible ; however, he soon got 
over the difficulty, and immediately a set of 12-inch shafts were ordered for the Jason. 
Had this plan been patented, I apprehend it would have proved as profitable to us as the 
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famous patent, for the use of wood bearings, of my friend Mr. Penn has been to him. 
Drawings of both these sets of shafts are shown by the Plate I. 
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* Yille de Londres, La Manche, La Seine, and La Tamise, five in all. 

A. There were a series of rings pressing upon each other, with adjusting screws attached to the main mast, the 
lower portion being of wrought iron, with a large hole in it for the passage of the shaft These engines were not 
erected on board the Eurotas. 

BB. The throst was taken from the end of the shaft upon a steel plate, working in oil and water. 

C. Thb was very efficient, no trouble of any kind taking place. 
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CHAPTER XVIII. 

A DESCRIPTION OP MODERN EXAMPLES OP THRUST-BLOCKS AS PITTED TO SCREW-PROPELLER 

shafting, by the most eminent marine engineers op england and scotland. 

By N. p. Burgh. 

THRUST-BLOCKS constructed by Messrs. Day and Co. and by Messrs. Laird, 
Plate 35. — The arrangement by Messrs. Day has lately been fitted into the steamship 
Moohany engined 450 horse-power nominal. This block is shown by sectional elevations ; 
a plan half in section and half complete ; and half side elevation. The side sectional 
elevation illustrates that the shaft has twelve rings on it, and that it is supported on a casing 
of white-metal in the place of brasses and that metal combined, as the general practice by 
many of the leading firms. This casing surrounds the shaft only at the extremities of the 
block, or in front of the forward ring and between the two aft rings : between these limits 
there is a channel in the casing over and under the shaft, the width of which is shown in 
the end sectional elevation, where it is seen also that the casing is in halves, and is suitably 
fitted to the cast-iron cap and seat of the block. The oil chamber in the cap is centrally 
situated, and is surrounded by a water channel : the lubricant from the chamber passes 
into the top channel in the casing through the eleven holes formed in the cap ; and as the 
shaft turns around it is carried into the lower channel, so that the shaft is lubricated at 
two parts at the same time. 

The casing is secured to the cap and seating by two studs at each end, situated over 
and under the shaft. The outline of the cap and seating are uniform, and the base 
plate is fitted with two adjusting studs and lock nuts at the forward end and a set key 
at the aft end, for adjusting the block and the face surfaces of the casing, of white metal, 
to the rings on the shaft, for as the casing is secured in the block, it is requisite to 
shift the latter to move the former. The half side elevation shows that a portion of 
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the cap is recessed into the seating, and thus any longitudinal shifting of the cap is 
prevented. 

The plan that is half in section and half complete, depicts the number and position 
of the cap-bolts, also the number of the block-securing bolts and the holding-down 
bolts for the base plate ; both the channels and chamber in the cap, it will be seen, are 
ribbed, and in the end sectional view that these ribs are hollow at their basis for the 
lubricants to pass through ; as all the leading portions are folly dimensioned in this plate, 
we will not comment yet on their proportions, but pass at once to the thrust-block illus- 
trated below, constructed by Messrs. Laird. 

The arrangement of Messrs. Laird's thrust-block illustrated in this plate differs 
entirely from that just described, and it is worthy of notice also that this shaft has onty 
eight rings on it, although it is but IJ in. smaller in diameter than the other by 
Messrs. Day. 

The shaft is supported in brasses that are bored to suit it, and are fitted to the seating 
and cap uniformly with a flange at each end to obviate any longitudinal movement, and 
the lower brass is recessed into the seating centrally to prevent any circular shifting. 

The connexion of the cap with the seating is unlike that preceding, as in this case the 
cap is recessed into the seating instead of the central flat connexion, and the portion 
recessed encloses the upper brass. The oil chamber and water channel in the cap are 
side by side instead of the latter surrounding the former ; and the longitudinal section of 
the water channel is shown in the side sectional elevation ; the transverse sections of 
both being shown in the end sectional elevation ; each lubricant passes through eevea 
holes in the top brass, and thus when required, both can be used at the same time, or 
separately, which latter is the general method ; it may be added that the &ce of the afk 
ring is lubricated with oil only by an additional tube for that purpose only. 

The forms of the channel and the chamber are different from each other, as will be 
seen from both the sections alluded to, the former extending directly to the brass centjil 
of its width and length for certain spaces, and the latter being entirely separated from the 
brass by the metal forming the cap. 

The connexion of the seating and base plate is peculiar, as the seating is receded 
into, or put between, projections that are formed on the base-plate, as seen in the cod 
sectional elevation ; the flange connexion of these two portions is recessed also, the projec- 
tions being on the seating and the spaces in the base plate, as shown by the complete side 
elevation. The cap flange connexion, it will be seen from this view, is recessed in an 
opposite direction to that below it, but the advantage of the prevention of longitudinal 
disturbance is of course the same with each, as is the relieving of the securing bolts from 
any shearing strain. 

The flange connexion of the seating is fitted with keys, situated at the aft ends of tbe 
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recesses wliich are used to adjust the block, and therefore adjust the brass faces against 
the rings on the shafts, in the place of set studs, as in the example above in the plate. 

The plan is a complete view, and shows the outline of the cap block and base plate, 
also the number of the securing studs and bolts for the two sets of flanges, with the 
position and number of the holding-down bolts of the base plate. This plate, it will be 
noticed, extends at the aft end for some distance beyond the block, and is there ribbed on 
each side of the shaft. 

Theust-Blocks oonstbuctbd by Mbsses. Ravbnhill and Hodgson, Plate 36. — The 
example designated No. 1 in this plate is arranged very similar to that shown in Plate 35, 
and just described, as constructed by Messrs. Laird ; indeed, so far does the resemblance 
extend, that we shall confine our present remarks to the portions that difier from that 
only. The brasses in this case do not surround the entire portion of the shaft within the 
block ; but are formed to fit around the parts between the rings and against the faces of 
them, as shown in the side sectional elevation and plan. The thin brasses opposite the 
thicker in the latter view, are the portions that are fitted against the shaft where the 
larger brasses are divided at the centre line, to prevent oxidation occurring from the use 
of water lubrication, as well as the rusting of the wrought iron in contact. It will 
be noticed in the sectional views that any lubricant used, is permitted to flow around 
the upper half of the shaft rings, and thus disperse itself to the lower half by frictional 
contact ; as the thin brass prevents a free circulation. 

The other example in this plate. No. 2, is of a smaller proportion than No. 1, but 
drawn at double the scale for the practical purpose of illustration clearly. In this case 
the brasses are fitted to the fore and aft faces of the rings, as well as the spaces between 
them ; the base plate also does not extend much beyond the block ; but excepting these 
two matters there is scarcely any difierence in this arrangement and the one above it ; 
there is one advantage, however, in both these examples over that by Messrs. Day that 
we may mention, and it is that there are adjusting keys inserted in the cap as well as the 
seating recess ; by which addition fore and aft adjustments of the brasses are attainable, 
also that each portion of the brass fitted to the ring against the shaft is separate, and 
thus a saving of that material is effected. 

Thbust-Blocks constructed by Messrs. Penn and Messrs. MAm)SLAT, Plate 37. — As 
Messrs. Penn's example is at the head of this plate, oiu* description refers to it first. The 
block is of a novel arrangement common only to the firm, and the peculiarity lies in the 
shape of the outline of the cap and seating being square in the end view as represented, 
while the brasses are circular, and in the base plate having ribs on it, fore and aft of the 
block, to resist the thrust of the propeller. Another feature is in the base plate having 
keys inserted at the sides of the seating for the purpose of lateral adjustment. 

The cap is secured by bolts held with keys imder lugs cast with the seating, and 
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double nuts at the tj^p ends. The oil chamber and water channel are the usual kinds 
adopted by the firm, and are as efficient as any other. 

The bnisses are enclosed within the block entirely, and the aft ring on the shaft is 
much thicker than those beyond it. The adjustment of the brasses is attained by shifting 
the block by an adjusting key or keys at the aft end of the seating and base plate. 

It wiU be noticed in the plan that the' seating is enclosed or situated between the 
side ribs on the base plate, which is entirely diflTerent from the preceding examples we 
have noticed in this chapter, as in some cases the plate has been flat without the ribs above 
it that are used for additional strength. This block has been fitted to the screw-propeller 
shaft of her Majesty's ship Warrior; and is an illustration of Messrs. Penn's practice 
during the last fifteen years. 

In the elevation a portion of the bearing for the base plate is shown, which consists 
of the wood between the plate and the support — also the angle iron and vertical stays, 
leading dovm to the girder plate forming the hull. 

Referring next to the thrust-block by Messrs. Maudslay, a description of a similar 
example by that firm is given in page 189 of this work, and therefore does not require 
repetition hero. 

Thrukt- Blocks constructed by Messrs. Watt and Messrs. Dudgeon, Plate 38. — 
Messrs. Watt's arrangement consists of circular brasses bored out to fit the rings and 
spaces ou the shaft ; the length of the brasses exceeds that of the block, as will be seen in 
the sectional plan and elevation, and the purpose of this is, for adjustment by four set studs 
that are screwed through the flanges at each end, and bear against the cap and seating, 
as shown in all the views. The cap is secured by studs and nuts, and its position is 
eosured by " dowels " or projections cast with it, fitting into corresponding recesses 
formed in the seating. The base of the seating forms the plate also, and thus that detail 
as an addition is dispensed with; the size of the base exceeds that of the block suffi- 
ciently to form ample bearing surface and room for the nuts of the holding-down boltfi. 
This thrust-block was fitted to the screw shaft of the engines of the twin-screw steam-ships 
Mediisa and Triton^ each engined 200 horse-power nominal collectively, constructed by 
Messrs, Watt in the year 1865. 

The thrust-block constructed by Messrs. Dudgeon, illustrated in this plate, must next 
be described ; this is the ordinary type with the brasses fixed in the seating and a^> 
without any means for adjusting them ; the design of the seating and cap is an evidence 
of care as to the proper use of the metal, and the example as a whole may be selected as 
a good specimen of the class ; it was fitted by the firm in the steamship Ruahmef a twin* 
screw steamer, engined 350 horse-power nominal, and her performance is described by 
them in Chapter VIII., commenced at page 85 of this work, in which also the advantagCB 
of twdn-screw propulsion are practically discussed, combined with the relation of facta. 
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Theust-Blooks constructed by Messrs. Humphrts, Tennant, and Co., Plate 39. — 
This arrangement represents the fact that brasses fitted to thrust-blocks can be entirely 
omitted, as in this case the cap and seating are bored out to fit the rings on the shaft, and 
lined with white metal. The end sectional elevation shows that the cap and seating 
are concentric with the outline of the shaft, and the bolts pass through lugs formed on 
the cap on which the nuts are fixed. The base of the seating is a plate having projections 
below which are used for fitting surfaces; the outside projections are surfaced at the 
sides also, and fit between lugs raised on the base plate, on which the seating is secured 
by the bolts and nuts ; the object of the side connexion is to prevent any lateral shifting 
of the block. The longitudinal shifting of the cap is prevented by the cap having a central 
projection on each side fitting into a recess formed in the seating, as shown in the side 
elevation and plan. The end sectional elevation also shows that the cap clasps the seating 
on each side to prevent any lateral movement. 

The lubricating channel is very simple, and in the place of tubes to convey the 
lubricant to the shaft, the channel is cast thicker on one side than the other, and holes are 
drilled through this extra metal for that purpose. 

As the block has no brasses it is requisite to shift the block entirely to adjust the 
frictional faces against the rings on the shaft, which is effected by two set-studs screwed 
through lugs situated at the forward end of the base plate, and bearing against the base 
of the seating, so that the side projections before referred to act as guides also, when the 
set-studs shift the block. 

The cap is strengthened at the extremities by extra metal ; and the raised portions 
at each end of the channel, are for pins to be fixed into to prevent the cover from rising. 
The seating is ribbed at the sides, and the base plate is nearly square without any fitting 
projections or ribs. Taking the arrangement of the details, in the aggregate, it is well 
worthy of the firm it emanated from, as being both novel, simple, and efl&cient. 

Having concluded the description of the examples of thrust-blocks illustrated in this 
chapter, we will dwell a little on the comparative features in them ; starting with the 
adoption of white metal only for the shaft to revolve against and on ; the firms most partial 
in their practice to this are Messrs. Maudslay, Humphrys, and Day. Messrs. Maudslay 
certainly use the least metal of the kind ; next come Messrs. Humphrys, and last, Messrs. 
Day, who seat the shaft in a separate casing of that material, while the two former firms 
merely line the cast-iron portions requiring it to the least extent. For the use of brasses 
around the shaft, Messrs. Watt, RavenhiU, Laird, Penn, and Dudgeon, are famous ; but 
Messrs. RavenhiU are the most economical in the application, as they do not seat the rings, 
on the shaft, on any metal excepting for a little width at the central horizontal line, while the 
other firms now specially referred to lavishly use the brass or gun-metal around the shaft. 

Next as to the means for longitudinally adjusting the face surfaces against the rings* 
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on the shaft. Messrs. Watt prefer set studs at each end of the brasses ; but Messrs. Day 
and Humphrys adopt set studs at the forward end of the block only, and the former firm 
insert a key at the afb end for a centring adjustment. Messrs. Maudslay prefer separate 
adjustment for each ring face thrust surface, so that at any time independent rehef or 
increase of resistance can be effected. Entirely reverse to this attainment Messrs. Penn 
and Dudgeon^ the brasses or face surfaces and the block; and Messrs. Laird and 
Ravenhill use keys in the flange connexion of the cap and seating for the adjustment fore 
and aft if required. 

The supporting of the shaft is the least with Messrs. Maudslay's arrangement, as 
they use " horse-shoe " shaped thrust rings with a bearing block beyond them at each 
limit. Messrs. Ravenhill widen the spaces between the rings on the shaft, and use 
brasses between them only. All the other firms we have quoted prefer the shaft to bear 
fully on the brasses, or lining, so that the rings and spaces are in working contact with 
the supporting surfaces. The Table below will define the comparative proportions of 
those examples we have now been referring to. 

TABLE OP THE Pbopoetions of the Theust-Blocks illustrated IN THIS Chapter. 



Bfaker's Name. 


Diameter 
of the 
Shaft 


DUmeter 
of the 
Rings. 


No. of 


Total Ana of 

Thrust Surface 

inaq. inche*. 


Diameter of 
Cap Bolts. 


No. 
of Cap 
Bolta. 


Diameter 

ofSeeuing 

BoltiL 


N«L<r 

SecBiac 
Bolts. 


Messrs. Day and Go. . . . 

Messrs. Laird 

Messrs. Rayenhill and) 
Hodgson 1 


Inches. 

in 

12 


Inchw. 
18 . 
16i 

15i 


12 

8 

7 


1072-071 
607-507 

529-162 


Inches. 

H 
2 

H 


8 

4 

4 


Inches. 

H 
2 

2 


14 
IS 

8 


Do. Do. 
Messrs. J. Penn and Son . 




6 
20i 


7 
9 


84-529 
805-820 


1 
2 


4 
6 


It 


6 
8 


Messrs. Maadslay, Sons.) 
and Field ' 


7i 


lU 


5 


198-805 


(Adjnstiiig Bolts) 

H 


5 


H 


10 


Messrs. James Watt and) 
Co ■ 


7 
H 

i4i 


m 

17i 


6 
8 
8 


265-647 
255-278 
640-592 


1 

H 
2 


6 

4 
4 


i 

H 


8 


Messrs. J. and W. Dad-) 
geon * 


6 


Messrs. Humphrys, Ten-| 
nant, and Co j 


21 



General arrangement op the'^Screw-Propeller, Shafting, Stern Tubino, Thrust 
AND Supporting Blocks, Screw Alley, Fittings, and a portion of the Hull op a Mwern 
Armour-Plated Frigate op 4000 Tons, Bngined 1000 Horse-power nominal, Plate 40. — 
This plate is a faithfiil illustration of the most modem practice by the leading marine engi- 
neers in connexion with the details specified, and shows clearly the most efficient arrange- 
ment hitherto accomplished. 



Digitized by 



Goog 



le 



Plate 40 



^NC BLOCKS. SCREW ALLEY, FITTINGS and A PORTION 
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At the left liand extremity of the plate is the rudder, post, and end of the keel ; lead- 
ing on from this is the propeller, of the modem " GriflBth*s '* type, 23 feet in diameter ; 
the construction pitch is 23 feet, and the blades can be set from 20 to 26 feet pitches. 
Forward from the propeller is the stem post, tube, and the immediate portion of the 
hull in connexion. The stem post and tube are in section to illustrate the length of the 
bearing surfaces supporting the shaft and the diameter of the casing or tube on the same ; 
also the length and diameter of the stuffing box and the gland's dimensions. 

This is the conmiencement of the screw-alley or trunk in the hull for the shaft to pass 
through from the engine room. The shaft is supported next to the gland by a thrust- 
block which is arranged to resist the aft thrust of the propeller. Onward from this 
block is the first coupling, and next to it is the supporting block. The shafting is here 
divided into two lengths between the first coupling and that aft of the forward thrust- 
block ; so that between the aft and forward thrust-blocks, there are three couplings and 
two supporting blocks, the latter being secured to frames formed on the foot plating above 
the keelson. Directly in front of the forward coupling is another block, and beyond it 
the main thrust-block; these are supported on plating and angle-iron framing which 
extends fore and aft for some distance beyond each block, and attached to the frame work 
of the hull below forming the foot plating. 

The portions forward from this are the coupling and turning gear, also the engine 
cranked shaft, and the beams and plating for the engines and condensers to be 
secured to. 

The plan of the longitudinal elevation just described is shown below it, and the 
transverse sections are situated over the elevation, and as each section is numbered to 
correspond with the number in the elevation, its particular reference can be easily recog- 
nised. In all these views the corresponding details are shown, also the water tubing and 
fittings required for lubrication. 

The engines fitted in this hull are the return acting type with stirface condensers ; 
the cylinders of the engines are each 116 in. in diameter, and the stroke for the piston 
is 4 ft. The slide valves are the double-ported equilibrium type, and the link motion to 
move them is the usual slotted kind, raised and lowered by hand gear or by two small 
direct-acting engines. The condensers are the vertical tube arrangement ; the condensed 
steam is drawn away by double-acting air pumps, and the circulating water — around the 
tubes and the steam inside them — ^is forced by two centrifugal pumps that are worked by 
separate quick speed engines. 

The boilers are the ordinary tubular kind, their heating surface amounting to 
19,000 sq. ft., and the total grate surface 700 sq. fl^ 
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CHAPTER XIX. 

a dbsceipnon op a new peinciplb op the soebw-propbllkb. 

Bt Aethue Rigg, Enqineee, Chestee. 

THE following remarks upon a new theory to explain the action of the screw-propefler 
have been written at the request of Mr. Burgh, and although some of the statemente 
and experiments have already been published in isolated papers read before different 
societies, yet th^ author hopes that the following more complete reasoning may lead not 
only to a fcdler understanding of a theory which has cost no small trouble to elaborate, 
but also may prove its truth so far as the present insufficient experimental data enable 
it to become known. 

This theory differs from the ideal of a screw threading its path through the water as 
through a solid body, and it provides new explanations of the whole range of secondary 
causes whose influences bear most directly upon the best shape of this propeller. 

The best, and indeed the only certain guides for research are the results of suc- 
cessAil practice, supplemented by a series of experiments, arranged so as to fumish replies 
to any obscure questions. Even the curiously divergent statements which result from 
the empirical rules of practical men are not without great value in such investigations, 
while the multitude of forms of screw-propeller which have been patented or otherwise 
give a remarkable insight into the vague nature of ideas prevalent on this subject; some 
of these have shown good results ; but such improvements have been caused more by 
accidental or involuntary amendments than by any intrinsic merit which the screws 
themselves possessed. • 

There are three main classes into which all screw-propellers may be separated, 
which are frdly illustrated with other matters in the Plate K, namely : 
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I. Those whose blades are wide at the extremity and narrow at the base (as 

Fig. 10). 
n. Those whose blades are narrow at the extremity and wide at the base (as 

Fig. 2). 
m. Those whose blades are parallel or nearly parallel throughout. 
Of these three forms it may be stated generally that the first is weU adapted for 
towing purposes, while the second and third are more suitable for propelling at high 
speed. 

The exact form of blade, however, is not a question of very vital importance, and 
within wide limits it does not practically exert any great influence. The number of 
blades somewhat affects the steadiness with which a ship is driven ; but these questions 
have been fiilly discussed by writers in the earlier part of this work, and need not here be 
further considered. 

Whatever may be the shape of the blades, or however many of them there be, only 
one system exists by which they can propel a ship ; and that is by displacing a 
volume of water obliquely backwards. It is the investigation of the laws which regulate 
this reverse current which will form the subject of this paper ; and it may well be stated 
in this place that these investigations are too new to have been fully tried on a large 
scale, although many examples will show to those who take the trouble to observe that in 
proportion as any screw-propeller approaches more closely to the form indicated by this 
new theory, so does its practical eflficiency increase ; while, on the other hand, a propeller 
made truly in accordance with the existing theories gives a very indifferent practical result. 
In order to discover what really takes place behind a screw-propeller, and how the 
water driven backwards is delivered from the blades, the author of the present paper 
designed and tried a series of experiments on the steam-tug Dagmar^ on the river Dee, at 
Chester. The apparatus, screw, and stem of this vessel are accurately represented in 
Figs. 1 and 2. The screw being of the form No. II. (Mr. Griffiths'), and having four 
blades ; its diameter was 8 ft. 6 in., and the '* pitch " increased rapidly from the boss 
outwardly. 

A is the screw propeller. 

B the stem of the tug Dagmar. 

C a light square spindle set vertically, and free to turn roimd ; it can also be raised 

or lowered, so as to stand exactly opposite to any desired radius of the screw. 
D a vane of 10 square inches area, attached to C, from which its centre stands 

6 in. 
E a small pin, 6 in. from the centre, and fixed on the pointer, E, which stands exactly 

above the vane, D. 
F an arc graduated into degrees. 
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Knowing the vertical position of the vane D, by marks made beforehand, the screir 
when set to work, drives a current of water obliquely, and the vane falls into line with it 
and indicates, by the pointer B, what is the angle of deflection ; say X Y. When the 
pointer is now turned at right angles to the current^ to X Z, the whole pressure will be 
exerted upon the 10 square inches of the vane D, and a corresponding amoimt upon the 
pin E. By placing a spring balance G, so as just to coimterpoise this force, its indicationfl 
will reveal the pressures of the currents. Both the direction and pressures ascertained 
by this experiment are given in the following Table : 

Experiments with the Scbew Steam Tug " Dagmab *' on the Rivee Deb, Chestbb, 
TO ascertain the Deflection op the Reverse Currents op the Screw and thus 
Pressures per square inch. 



EmUL 


Tugaione. 


Towing Barge and Cargo. 


Moorwl to a POfL 


Below the 








Pressure 








Pressure 








PnMf 


centre of 


Steam 


Speed Of 


Angle of 


per square 


Steam 


Speed of 


Angle of 


per square 


Steam 


Speed of 


Anchor 


persqHM 


the Screw. 


Pressure. 


Screw. 


Deflection. 


inch. 


Pressure. 


Screw. 


Deflection. 


inch. 


Presrare. 


Screw. 


DeOeetioiL 


iBC^ 


lucbet. 


lb. 


BeTS. 




lb. 


lb. 


BeTS. 




lb. 


lb. 


Bera. 




IK 


17 


60 


144 


85*^ 


21 


60 


160 


45*' 


10 


46 


1^6 


72i° 


•4 


14 


11 


f> 


27i° 


1-8 


99 


99 


87i° 


1-8 


99 


99 


52i° 


•8 


11 


If 


9) 


25*^ 


1-5 


99 


99 


81° 


1-8 


99 


99 


50° 


18 


8 


19 


99 


25^' 


1-2 


99 


99 


81° 


1-4 


50 


144 


45° 


11 


6 


)l 


99 


274*^ 


1-2 


99 


99 


81° 


•9 


99 


99 


42° 





This angle of deflection naturally exists at whatever quadrant of the circle the vane 
may be situated, whether above the centre, below, or else lying horizontally, and it in- 
dicates that the water is driven backwards as a twisted column (Fig. 3), which gradually 
increases in diameter by drawing into itself the adjacent particles of water until at last 
the rotation is destroyed, and it arrives at a state of rest. This diagram accurately 
represents the apparent reverse current in the case of the first experiment with the 
DaJgmxir^ and makes it evident that the screw propels a volume of water obliquely back- 
wards in addition to the vessel itself forwards. 

An examination of this current shows that there is a loss of power due to this oblique 
action ; and in order to determine the extent of this loss, another simple experiment wis 
arranged in the manner shown by Fig. 4. 

A B is the blade of the screw. 
H K currents driven obliquely backwards. 

C D a plate fixed in the current, so as to deflect the oblique flow of water, into one 
parallel with the screw shaft. Its inclination being so arranged that the angle 
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O P C = i the angle G F K. When the currents H K or E F are impelled against 
this deflector, their course and direction are changed into F G, and a resultant 
pressure is given perpendicularly to the deflector plate C D. For the convenience 
of analysing this force, it is shown on an enlarged scale in Figs. 5 and 6, which 
represent oblique currents at 30** and 45'' respectively. Similar letters correspond, 
therefore one description will suffice for both diagrams. 

G D is the line of axis of the screw. 

A B the deflector plates set at 15^ and 20** (being ^ the angle of the currents). 

E the direction and force of the current. 

C the direction into which it is deflected and passes backwards. 

Now as this current is a compact mass of water and a continuous stream, it will 
behave much as would a succession of solid particles £Eilling upon 0, and being reflected 
the angles of incidence and reflection, E A and BOG, will be .equal, and the force 
E = the force G. These being equal and somewhat opposed forces, will give a resultant 
perpendicular to A B, whose magnitude is readily determined by drawing E P and G P 
parallel to G and E 0. The point of intersection, P, cuts the resultant and determines 
its magnitude, P. This amoimt being the pressure upon the surface of the deflector 
blade, it only remains to take the component P, which represents accurately the pro- 
pelling power latent in the oblique current. As this power has been originally derived 
firom the engine it is of course lost, and an arrangement, like that shown in Fig. 4, ought 
to recover the greater part of this force. Indeed, many experiments have shown the 
truth of this remark, and one of these has been abready mentioned on page 22 of the 
present work. It was tried on a Tug belonging to the Grand Junction Ganal Gompany, 
the screw had three blades and was 3 ft. diameter. It was arranged to pull against a 
powerftd spring dynamometer, and tried first with the screw alone, then raised out of the 
water by a crane and the deflectors attached. The following results were obtained : 

Screw alone — average pull 700 lb. 

Screw and deflectors 880 lb. 

being an increase of about 25 per cent. 

Having now seen that a considerable current is driven backwards firom the screw, 
and that much power is remaining latent, and ultimately lost through the current 
being oblique to the line of the ship's progress ; there seems cause enough to doubt the 
correctness of the generally received opinion that this propeller screws itself through the 
water just like an ordinary solid body ; for then it ought to have no reverse current and 
no ** slip," there should be no power lost, and there could be no obliquity in the column 
driven backwards. 

The screw does not in its progress through the water bear the most distant 
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resemblance to any action that might occur in a solid. Quite the contrary ; for the 
particles of water can be driven in any direction, and their inertia forms the only obstacle 
to movement. This propeller is really an oblique paddle, and drives currents backwards 
nearly perpendicularly to the surface of the blade at whatever angle or pitch it may 
be fixed. Its action is exactly the same as that by which a fish swims, namely, by the 
flexure of its body ; and the idea that water yields easily to the progress of a ship and 
becomes a solid resistance to the screw is so completely at variance with all reason, and 
so incapable of explaining observed phenomena, that it cannot be seriously maintained 
even when examined in the most cursory manner. 

The artificial difficulties created by these incorrect theories have done much to 
produce the mystery and imcertainty which still surroimd the screw-propeller, and it is of 
the utmost importance to banish these notions altogether, and then to look upon it 
simply as an oblique paddle. Most of the difficulties then vanish, and a new and clearer 
light is thrown upon the whole question, while the investigation following will explain 
much that cannot now be unravelled, and point out the true principles upon which the 
best propellers are constructed. 

Whatever may be the " pitch" of a screw, the amount of movement of any portion of 
its blades will really be measured by the circumference of that part : for instance, the 
extremity of the blade of a screw 15 ft. 6 in. diameter, will travel 48 ft. 8^ in. in a direc- 
tion at right angles to the progress of the ship. Now, so far as its propelling power is 
concerned, or in whatever way this movement can be viewed, it is really equivalent to 
moving a blade in a straight line across the ship's course ; thus, if the ship be moving 
from south to north, the extremity of its screw-blade moves a distance of 48 ft. 8 J in. from 
east to west in every revolution. It is true that this is a circular motion, but a rectilinear 
direction is exactly analogous to it in all its relations as a propeller. 

Let Fig. 7 represent the section of a screw-blade whose inclination is 41^ and 
diameter 15 ft. 6 in. ; F E will be the circumference = 48 ft. 8^ in., and E H the pitch = 
43 ft. 4^ in. Now, whether the screw-blade A B moves from F to B, or the volume of 
water moves as a current from B to F, the result will be precisely alike ; and this latter 
arrangement is the most convenient for examination. 

It has been seen already by an examination of Figs. 5 and 6, that a current such as 
that from E to F striking against the blade A B, would become deflected to L, giving the 
angles E F H = L F A, and the resultant pressure G F obtained by drawing lines G L and 
G E parallel to E F and L F. In a similar manner the resultant G F is produced by the 
screw-blade moving from F to B, and is therefore the measure of the work done by one 
revolution of the screw at this particular portion of the blade. In consequence of the 
ship moving only along the line CD, that part of the work which results in its progress 
must be measured on C D. The water is free to travel in any direction, and will foDow 
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the direction of pressure, namely F G, and indeed will incline towards F K because of the 
friction, &c. Transferring the line CF to KZ, it may be separated into the ship's 
progress Y Z, and the reverse current K Y, By drawing Y W parallel to F K, we see the 
real course of the reverse current, and by joining W to Z the angle W Z Y will be the 
angle of deflection as observed on deck in the manner already described by Figs. 1 and 2. 
In this example (Fig. 7) the ship's progress, Y Z, is very much less than the pitch 
(E H), and is therefore an example of what is called " positive slip.'* 

A similar construction is adopted in Figs. 8 and 9, which represent the extremity of 
a blade of screws 23 fb. 6 in. diameter, and of 43 fb. 4^ in. and 21 ft. 8^ in. pitches 
respectively. In Fig. 8 the ship's progress, R T, exactly equals the pitch ; and in Fig. 9 
VX is greater than the pitch, being examples of so-called " no slip" and " negative slip," 
although the diagrams show a very decided reverse current in both cases. 

In the foregoing examples the extremity of the blade alone has been examined, but 
the same system can be readily apphed to any part, and, consequently, to the whole 
surface. It is most convenient to divide the propeller into portions, and, by calculating 
the effective work of each separately, they may be added together, and will give the true 
performance of any required propeller. Perhaps the very best example which exists, and 
may be used for this investigation, is the screw of the steamship Rattler^ Fig. 10, because 
it is the type very generally adopted, and because the very numerous experiments which 
were tried on this vessel render it peculiarly suitable for the present purpose. The 
following Table gives the general particulars of this vessel and its performance, and the 
end elevation of the screw-propeller is shown by Fig. 10 in the plate. 





Experiment, No. 10 — Hbe Majesty's Scebw Steamer " Rattlbb." 




SpMd of Ship. 


IncncAted Horse ' 
power of Eogines. 


DUnieterof 
Screw. 


Pitch of Screw. 


Scnw per miDiit.. 


^toJTsS^"' JTWtoTon. 


Knots per hoar. 
9-07 


824 


Ft In. 
10 1 


Feet. 
11 


97 


T. cwt. qr. lb. 
8 10 1 8 


8-813 



The advance of the ship per revolution of the screw = 9*47 ft. 
The number of revolutions of the screw per second = 1*616. 
As the construction of the diagrams for ascertaining the length of the reverse 
currents has been sufficiently explained abready, one diagram. Fig. 11, will suffice to show 
the currents at any desired part of this screw. 

Let, then, A B represent the circumference at 9 ft. 6 in. diameter, developed on a 
straight line. 

D, situated at 11 ft. below A B, will be the pitch. 

E F, above A B, is at a distance of 9*47 ft., and gives the vessel's progress per 
revolution of the screw. 
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Other circumferences are set off upon the line A B at G, H, K, L, M, and N, and a9 
these give the resultants (which correspond to G F in Fig. 7), at the points 6, g^ h^k^l^m^ 
and n. The perpendicular distance for any of these points to the line E F will be the 
reverse current at the corresponding diameter of the screw. All these results are given 
in the following Table : 



Table op Revebsb Oueebnts from Diagram, Fig. 11. 


Metn Diameter of 
Conceotrie Circle. 


Position on tiie Figure. 


Kerem Cnrrent 


FL In. 




Peek 




Dereloped. 


Line. 




9 6 


AB 


b b' 


9-83 


8 6 


AG 


gff 


9 08 


7 « 


AH 


h h' 


8-5 


6 6 


AK 


k k" 


7-83 


5 6 


AL 


1 1' 


CIC 


4 6 


AM 


m m' 


4-33 


8 6 


AN 


n n 


1-5 



The last column in the above Table gives the reverse currents at the radii specified, 
and it will be noticed that they diminish very rapidly on reaching the central position, so 
that within about three feet diameter there is no reverse current at all. This space is 
generally occupied by a conftised eddying mass of water full of vacancies, and known as 
^^ broken water.'' Unless this space is partially filled a loss of power takes place, for the 
currents set in motion by the blades are apt to run to this central semi-vacant place, 
instead of being driven backwards and propelling the ship. The methods generally adopted 
to coimteract this tendency of the water to run inwardly are two in number. Either 
filling a great part of the space with a large globe, or else bending the screw blades 
forwards towards the stem, and so giving to the water a centrifugal motion just sufficient 
to neutralise its inward tendency. 

The above data can now be conveniently employed to calculate the end thrust on 
the screw-propeller shaft, by dividing the whole area swept by the screw into concentric 
circles, and separately calculating the units of work due to every one of these. A few 
words of explanation will, however, first be necessary. 

Aft;er the ship has once started, it travels 9*47 ft. for every revolution of the screw, 
and a column of water of this length is pushed backwards by every revolution. For 
example, the column whose area is 16*2 ft., and whose length is 9*47 ft. = a volume of 
153'414 cubic feet, is displaced a length of 9*83 ft., as shown upon the diagram. Fig. 11, by 
the line 66*. This is equivalent to a volume of 1508*06 cubic feet displaced 1 foot. 
Similarly, at the radius of 3 ft. 6 in., an lurea of 5'5ft. multiplied by the same length of 
colunm, 9*47 ft., is reversed 1'5 ft., and is equivalent to 78*12 cubic feet moved 1 foot. 
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The sum of the units over the whole effeotiye area of the screw gives the work done in 
one revolution, and as there are 1*616 revolutions per second, the work done can be 
ascertained. 

The following tabular statement gives these particulars fully : 

Results deduced from Dtnamometbb Expebiments on Hsb Majesty's Sobew Steameb 

" Battleb." 









Area X Ungth,lMiBg 




DiqilaeeiiMot X Maa, 


MenDiaiMtwof 


Arw ia Sqwic FmC 


Lancth of CohDBii. 


total Mam in Ctdtie 


B^ntkmortlM 


(Mnc eqaivalent to 
kaai moTed 1 foot> 


Conoantric Circle. 






Feet. 


Serew. 


FU Id. 


Sq.ft. 


FmC 


CMttt. 


FeeC 


CoUelt 


9 6 


16-2 


9-47 


158-414 


9-88 


1508-06 


8 6 


13-85 


9-47 


126-424 


9-08 


1147-98 


7 6 


11-98 


9-47 


112-460 


8-5 


955-82 


6 6 


10-21 


9-47 


96-688 


7-88 


708-71 


5 6 


8-64 


9-47 


81-820 


6-16 


60401 


4 6 


707 


9-47 


66-952 


438 


289-90 


8 6 


6-6 


9-47 


62-086 


1-6 


7812 
6192-66 



This gives 6192-55 cubic ft., and as 35 cubic ft, of sea water = 1 ton, then 5192-55 
cubic ft. = 148*35 tons, moved backwards one foot in each revolution of the screw ; and 
as there are 1*616 revolutions per second, and the velocity of the current per second is 
1-616 ft. 



Now the work done may be defined as 
Pressure x distance 



Pressure 



In this case 



Wt. X vol.* 

Wt. X veV 
2g X distance 



Weight s 148-35 tons. 
Distance » 1-616 feet. 
Velocity = 1-616 feet. 

. Prooourc ^^'^^ x (1-616)^ 
• • ^^s«^® " 2 X 32i X 1-616 

rr 3*726 tons. 
= 3-726 tons pressure on the end of the screw shaft. 
It is true that the ship travels 9*47 ft. per revolution, but this does not represent the 
*' distance " in the foregoing equation ; for it must be remembered that the water practi- 
cally fills up the vacant space, and transmits the pressure from the screw to the mass of 
water 9*47 ft. long which is moved backwards. This ideal description best conveys the 

2b2 



Digitized by 



Google 



212 MODERN SCREW-PROPULSION, 

action of tbe screw-propeller to the mind, but is not strictly accurate in fact, for the 
space is really never vacant. 

Here, then, in this sum (3*726 tons) is represented the theoretical pressure upon 
the end of the screw shaft without making any deductions for losses due to friction and 
other causes ; but it was found by the dynamometer that the real pressure was 

3-513 tons, 
leaving a difference of '213 of a ton or 4*26 cwts. to be accounted for by losses of various 
kinds, such as friction and the uneven flow of the currents. Such a calculation as this 
may be considered to give a result sufficiently close for practical purposes, and to be an 
important link in proving the accuracy of the new theory. 

The preceding system of calculation is only available where the greater volume of the 
reverse current is within the length that the ship travels in one revolution. For instance, 
if in Fig. 11 the reverse current, b 6\ were extended up to ^6* (say) 15 ft. ; then it is 
evident that the column 2*47 ft. long will not supply enough water for the requirements d 
the reverse current, and a ftirther supply will need to be drawn in from an area beyond 
that swept over by the screw blades. To what extent this question may affect Uie 
calculations of thrust, it is quite impossible to say ; but no doubt it will modify them 
exceedingly. 

These investigations lead to the conclusion that the best screw-propeller should have 
a very rapidly increasing pitch, and that the true screw of uniform pitch is not desirable. 
It has been found that propellers made upon these principles drive ships faster with 
a saving of coal than those made on the common screw principle ; and this in itself 
affords much warranty to the new ideas on this subject herein enunciated. Moreover, 
certain mysterious phenomena, such as the honeycombing of the back of leading comers 
of screw blades of short pitch, " negative slip,'* &c., may be readily explained by these 
investigations. 

It may possibly be objected that the experiments adduced in confirmation of these 
views have been on too small a scale and of too circumscribed a character to warrant so 
wide a departure from ideas so generally acknowledged, and the author of the present 
chapter is frdly alive to the exceeding desirability of ftirther investigations ; yet they 
do not alter the foregoing general principles, but may perchance modify to some extent 
the views herein propounded, or perhaps shed a new and dearer light upon the complex 
problem of screw propulsion. 
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CHAPTER XX. 

A COMPABATIYE REVIEW OF THE MODERN SOBEW-PBOPELLEBS AS OONSTBUOTED BT THE MOST 
EMINENT MABINE ENGINEEBS OF ENGLAND AND SCOTLAND. 

By N. p. Bubgh. 

THIS chapter is a review of the mechanical portion previously illustrated and described 
in this work, and is intended to form a comparative notice of the best practice, 
condensed into the least space, for practical reference. 

The Yabious Shapes of Modern Scbew-pbopelleb Blades. — It has been geometrically 
explained by Plate 1, at page 28, that a perfect screw is but a band of any material wound 
completely around a cylinder, and that when the band is imwound its extremity is the 
apex of a right-angle triangle, whose height equals the pitch, the length the circum- 
ference, and the hypothenuse the length of the helix or outside edge, so that the band is 
in the form of a curved inclined plane or curved wedge ; and if any portion of the length 
isr cut off it becomes a portion of the wedge, that is termed the blade of the propeller. Now 
if only one blade to the propeller is required, only one band is needed within the pitch ; 
but if two blades, two bands, and if three, three bands, and so on to six bands, or blades, 
or more if desired. When the shape of the blade is a whole portion of a true screw, its 
end elevation is two angular lines joined by an arc, whose radius is that of the screw's 
diameter. But when the blade is cut and carved to suit the eye and mind of the operator, 
then the artificial shape takes the place of the natural form. 

A very good example of a common screw blade is illustrated by Fig. 68. This is the 
side and end elevations as they actually appear to the eye from the two positions ; the 
side view has a portion of the boss and the blade in section ; it shows also that the shape 
of the outline is a parallelogram, and the end view depicts the two angles joined by the 
arc that forms the helix or top edge of the blade. As the comers of the extremities are 
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Side Elevation. End Elevation 

Elevations of the Blade of the Common Two-bladed 
Screw-propeller fitted to Her Maiesty's Troop Ship 
Simoom hj Messrs. James Watt and Co. 
Pig. 68. 



If / • 



End Elevation. Side Elevation. 
Elevations of the Blade of the Foar-bladed Screw- 
propeller fitted to Her Majesty's Annoar-plated 
Ship Minotaur by Messrs. J. Penn and Son. 
Fig. 69. 





Side EleTation. End Elevation. 

Elevations of the Blade of the Foor-bladed Screw-pro- 
peller fitted to the Steam-ship AlUmannia by Messrs. 
C. A. Day and Co. 

Fig. 70. 



Side Elevation. End Elevation. 

Elevations of the Blade of a Three-bladed Screw-pto- 
peller fitted to the Steam-ship Surat by Messn. C. 
A. Day and Co. 

Rg. 71. 





End Elevation. Side Elevation. 
Elevations of the Blades of a doable-two-bladed Screw- 
propeller fitted to Her Majesty's Ship BtUifinch by 
Messn. J. and O. Rennie. 

Kg. 72. 



End Elevation. Side Elevation. 
Elevations of the Blades of the donble-two-Uaded 
Screw-propeller fitted to Her Majesty's Ship Fa- 
vourite by Messrs. Homphrys, Tennant, and Go. 
Kg. 78. 



Digitized by 



Google 



A COMPARATIVE REVIEW OP MODERN SCREW-PROPELLERS, 215 

out off or rounded in this view, they are curved in the other also, instead of the sharp 
connexions of the arcs with the angular and vertical lines, which would appear if the blade 
were a portion of a perfect screw. The propeller to which this blade belongs is 16 ft. in 
diameter, and 20 ft. pitch, and the chord of the arc of the helix, or maximuTn width of the 
blade, is 8 ft., and the length on the line of the keel 3 ft. 4 in. ; it was constructed by 
Messrs. James Watt and Co., and fitted by them to Her Majesty's twin-screw Simoom. 

The next example of the common type is one of a four-bladed propeller, and is 
illustrated by Pig. 69. This is the same form of outline as before, and the two views are 
very nearly of the same proportion. Messrs. Penn, Maudslay, and Bavenhill have fitted 
four-bladed propellers of this type to the Minotaur^ diameter 24 ft. ; to the Agincourt^ 
diameter 24 ft. 6 in ; to the Lard Clyde^ diameter 23 ft. These blades are not portions of 
a perfect screw of a uniform pitch, but of two screws of imequal pitches, and the centre 
of the blade is the point of their connexion, thus : The blades of the Minotaur's screw are 
constructed 24 ft. forward pitch, and aft 27 ft. ; the A^ncourfsj 24 ft. 10^ in. and 28 ft. 
l^in. ; and the Lord Clyde's j 23*45 ft. and 26*55 ft. Messrs. Penn have also fitted the 
Achilles with a foxir-bladed propeller of the class imder notice ; its diameter is 24 ft. 6 in. ; 
25 ft. forward pitch, and 28 ft. aft. Messrs. Maudslay have fitted a similar example to the 
Lord Warden^ 23 ft. in diameter ; it may be added in passing that the Agincourfs propeller 
blade is a complete portion of a screw, for the comers are not roimded off, as with the 
examples shown in the illustration, Fig. 69. 

The next shape of blade to be noticed is shown by Fig. 70. On contrasting its 
outline with that of Figs. 68 and 69, it will be observed that the end elevation is narrower 
at the top than below, and that the sides are curved instead of angular lines, and the 
width at the root of the blade, or its connexion with the boss, is but very little less than 
at the extremity. Viewing next the side elevation, the contrast is greater, for here the 
top width of the blade is the narrower, and the root the wider, instead of the sides being 
parallel ; this, then, is the result of " cutting" and " carving," inasmuch that were these 
blades perfect portions of a screw, their appearance would be as those before described. 
The vertical section is given in the side view, which depicts that the blade is straight fi-om 
the root to the tip. This propeller was fitted to the steamship AUemannia by Messrs. C. A. 
Day and Oo. 

Another example, having three blades only, has been constructed by the same firm, 
and fitted to the steamship Sural. One of the blades is shown by Fig. 71, which illustrates 
an end and side view of it. Here it will be seen that the blade is wider, proportionately, 
than in Fig. 70, and therefore the sides are curved more than the other, but excepting 
that difference the blades are very similar. 

Next to be noticed are the blades of a double-two-bladed screw-propeller, which, 
according to the general belief, were originally arranged by a French gentleman nmcied 



Digitized by 



Google 



216 MODERN SCREW-PROPULSION. 

M. Mangin, from whom emanated the now well-known " Mangin'^ screw-ppopeller. The 
principle of this propeller is that the inventor has a propeller formed of double the length 
as ordinary ; he then cuts it across in half, and puts one portion directly in front of the 
other, so that it becomes two propellers on one shaft. In the practice of construction each 
pair of blades are struck up as in the usual way, and shaped to suit the eye and mind cX 
the designer, which Fig. 72 is an illustration of. In this case the sides are angular reversely 
in each view, the end elevation showing the blade widest at the top and narrowest in the 
side elevation. This propeller was constructed by^Messrs. Bennie ; its diameter is 7 ft. 3 in., 
pitch 11 ft. 4 in., and the maximum width 1 ft. 8 in., being fitted by them to Her Majestfs 
ship Butt/inch. The inventor, M. Mangin, not being content with double blades of a 
uniform pitch, advocates blades situated as before of imequal pitches, of which Fig. 73 is 
an illustration. Each blade is formed from two helices that are connected at one-fourth 
of the frill width, starting at the leading edge ; the forward pitch is 16 ft. 8 in., and the aft 
20 ft. ; the diameter of the screw is 16 ft., and the maximum width of each blade is 
2 ft. 8 in. The outline is peculiar, as in each view the sides are angular and vertical 
reversely situated. Messrs. Himiphrys, Tennant, and Oo. constructed this propeller and 
fitted it to Her Majesty's ship Favourite. Of course it must be imderstood that these are 
two-bladed propellers with straight blades, as the others that have been referred to. 

Another form of blade which, although having straight sides, is unlike any previously 
illustrated, is shown by Fig. 74. Here the blade leans back instead of being vertical from 
the boss, and the outline is a portion of a perfect screw having the leading side cut back* 
This blade is shown in two views as the other examples, and illustrates the finct that a 
nimiber of narrow blades are equivalent in propulsive effect to two wide blades, and 
vice versd. This propeller was constructed by Messrs. Bennie, and fitted by them to the 
steamship Chariieh ; the diameter of the screw is 15 ft. 9 in., and the construction pitch 
is 19 ft. 6 in., the length of the tip of the blade being only 6 in., with a lean-back of 5| in« 
from the centre of the root. 

A similar example of cutting off* the leading side of the blade is shown by Fig. 75. 
In this case more than one-half of the forward half of the perfect blade is taken away, 
as shown in the two views, so that a plan of the blade depicts that the forward part of the 
helix is stopped off at a certain distance from the centre of the boss for a little less than 
half of the width of the aft portion of the blade or helix. The vertical section of the blade 
is perpendicular, and the sides nearly straight ; the propeller is 17 ft. in diameter, and the 
construction pitch 20 ft., the maximum width of the blade being 4 ft. It was constructed 
by Messrs. Maudslay, Sons, and Field, and fitted by them to Her Majesty's ship Aurora. 

The ideas of Messrs. Dudgeon as to the best form of blade contrast extremely with 
those of Messrs. Maudslay, as shown by Fig. 76. The sides of the blade for half their 
vertical length are portions of a perfect helix, but above that the cutting and carving com- 
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Side Elevation. End Elevation. 



Elevations of the Blade of the Six-bladed Screw- 
propeller fitted to the Steamship Charkieh by 
Messrs. J. and O. Rennie. 
Fig. 74. 



End Elevation. 



Side Elevation. 



Elevations of the Blade of the Feathering Two- 
bladed Screw-propeller fitted to Her Majesty's 
ship Aurora by Messrs. Maadslay, Sons, and 
Field. Fig. 75. 





Side Elevation. End Elevation. 

Elevations of the Blade of the Three-bladed 
Common Screw-propeller fitted to the Steam- 
ship Euahine by Messrs. J. and W. Dudgeon. 
Fig. 76. 



Side Elevation. 

Side Elevation of the Foor-bladed Screw-pro- 
peller fitted to Her Majesty's ship 2>trai/ by 
the late G. Rennie, Esq. 
Fig. 77. 





Side Elevation. End Elevation. 

Elevations of the Two-bladed Griffiths' Screw- 
propeller fitted to Her Majesty's ship Aretkusa 
by Messrs. J. Penn and Son. 
Fig. 78. 
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End Elevation. Side Elevation. 

Elevations of the Two-bladed Griffiths' Screw- 
propeller constructed for Her Majesty's ship 
Lord TFarcfen by Messrs. Maudslay, Sons, and 
Field. Rg. 79. 
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mences, the tip is rounded aft and forward to a great extent — ^indeed, so mucli so that 
the natural outline of the top edge is entirely made away with : this will be seen from 
the two views. This propeller is 10 ft. 6 in. in diameter, 18 ft. pitch, and Tnaximum width 
of the blade 4 ft. 3 in. 

Now, this example is the modem form of blade for three aud four-bladed common 
screw-propellers, and, although of late construction, is of early adoption : this fact is 
proved by the Fig. 77, which is the side elevation of the origmal four-bladed screw-pro- 
peller, fitted by the late G. Rennie, Esq., to Her Majesty's ship Dtvarfmajij years ago, 
or rather at the eve of screw propulsion. The blade is cut away so much that its natural 
outline is taken oflf entirely, which shows that the " cutting " and " carving " commenced 
with the use of the screw for propulsion. 

Next is noticed Mr. Qriffiths* blade. That gentleman has investigated this portion 
of the system thoroughly ; in his article on it, he states, " I directed my attention to 
experiments with a view to ascertain what portion of the blade was the most effective. 
My first experiment with this object was to reverse the shape of the blades by putting the 
narrow parts to the outside, and the wide parts inside, or from and towards the centre 
of the disc — ^indeed, just the contrary to what was the usual practice, and I soon found I 
attained a better result with the blades formed in this manner than with any other." Mr. 
Griffiths treats on the vertical section of the blade also. He states, *^ I also find great 
advantage in constructing my screw-propeller blades to incline forward, the curve com- 
mencing from the centre of the length of the blade and extending to its point towards the 
ship, which result of advantage I account for in the following manner : when the ship is 
under * way,' the screw is supplied with water from the after current, and this current 
has to be turned from its natural course, which is to fill up the space or channel that the 
ship has left, and also to supply the screw with propelling resistance, so that when the 
points of the blades bend towards the ship, they meet this current, and offer certain 
resistance to the power employed to work the screw, or what may be termed a greats 
bite to propel the ship." 

It would appear from this statement that the straight blades must lose some 
power, or sUp through the water instead of pressing ftill against it ; yet in the fiaoe of 
this argument we find in practice that there is no disproportionate loss with either form 
of section of blade, i.e., straight or curved. 

The form of the Griffiths' blade will be imderstood from the illustration of it, Fig. 78. 
It will be noticed that the side elevation shows the vertical section is curved forward at 
the upper part, and the forward side is curved outwards over the boss, and above that it 
is curved inwards, while the aft side is a continuous curve in one direction from the root 
to the tip. The end elevation depicts that the leading side is cut away more than that 
opposite, and the cause for this is explained on the next page. 
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The most modem practice of the principal firms is to make the leading and following 
sides of the GriflBths* blade alike, as shown by the Fig. 79, which is an illustration of one of 
the two blades of the propeller constructed for Her Majesty's ship Lord Warden by Messrs. 
Maudslay, Sons, and Field. The pitch of the screw is 23 ft. 6 in., its diameter 23 ft., and 
the maximum width of the blade 7 ft. 4^ in. ; at the tip 3 ft. 2f in. and at the root 3 ft. 3 in. 
The Lord CJydej also an armour-plated ship in the Royal Navy, was originally fitted with 
a Griffiths' two-bladed propeller — diameter, 23 ft. ; pitch, 23 ft. 6 in. ; maximum width of 
the blade, 7ft.; at the tip, 3 ft. 3in. ; and at the root, 4 ft. 4 in. — ^as constructed by 
Messrs. RavenhiU and Hodgson : it may be stated also that the screw of the example. 
Fig. 78, is 18 ft. in diameter, and 23 ft. pitch, maximum width of the blade 6 ft., at the 
tip 2 ft. 7 in., and at the root 3 ft. 9 in. ; from which you see that all the makers agree 
pretty closely as to the proportions. The amount of curve forward of the blade, or 
" lean-to," is thus, that by Messrs. Penn is 9 in. firom the aft side to the forward edge, by 
Messrs. Maudslay 12^ in., and by Messrs. Bavenhill 12^ in. 

Twelve different shapes of blades have been compared, and the next subject is the 
cause for the " cutting and carving " which has been often alluded to. The cause is, that 
very often when the shape of the blade is a natural portion of a screw, it vibrates so 
energetically during the revolution of its action that, imder various circumstances, it 
shakes the stem of the hull so much as to endanger the soundness of the structure. Now, 
the " vibration " must result from the blade striking the water that surrounds it at intervals, 
and the cause for this unequal striking is that the blade is too wide across at the tip, or 
that the theoretical advance speed of the leading comer of the screw is so far above that of 
the hull that the water surrounding the screw at that part is beaten about by the blades ; 
instead of the water being a continual resistant of nearly equal density. Then, as the 
resisting effect of the water is constantly changing, so will the screw " wabble " or vibrate 
during each revolution. It must be remembered also that the nearer the angle of the 
blade is to the transverse centre line of its length, the shorter the pitch is ; and propor- 
tionately to the length on the line of keel, the wider the blade will be, so that when three 
or four or six narrow blades are used, the pitch must be greater in proportion to the 
number of the blades and ^diameter of the screw used than for two-bladed screws. 

The theoretical action of the blade in the water is as a carpentry screw entering a 
piece of wood, i.^., no slip or lateral commotion, but the practical action is far from that, 
inasmuch as there is some slip, and often lateral commotion too. The aim, then, of the 
designer, when cutting away the natural outline of the blade, is to make the leading side 
and edge curved, so that it will slice the water and not bruise it, and thus cause the least 
disturbance during its motion ; of course, on the screw starting, the blades will strike the 
water sideways under all circumstances, and this " side-striking" is only reduced to the 
minimum when the shape of the blade, velocity, and pitch of the screw agree with 
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the speed of the hull. It may as well be observed, also, that the cutting away of the 
leading comer of the blade is not universal, for Messrs. Maudslay have generaDy 
constructed their common screw blades of the perfect shape ; or as the helix and length 
on the line of the keel determine. The screw-propeller 24 ft. 6 in. in diameter, with four 
blades, fitted by them to Her Majesty's ship Agincourt^ is the perfect-shaped blade ; it« 
width at the tip is 5 ft. 5 in., and at the root 3 ft., the sides being angular, but perfectly 
straight ; the construction pitch of the screw is so fine that the length of the blade on the 
line of the keel is only 1 ft. 9 in. when it is set at 24 ft. pitch. For comparison another 
example of the same shape of blade can be taken, but the screw only 9 ft. in diameter, 
pitch 12 ft., width of blade at the tip 3ft., at the root 1 ft. 3 in., and the length on the 
line of the keel 1 ft. 2^ in. This propeller is one of two pairs of twin-screws, fitted by the 
same firm to Her Majesty's ships Viper and Vixen^ hung in lifting frames, while the 
Agincourt's screw is fixed on the shaft, and overhangs the stern-post. With both these 
examples of screws there has been scarcely any vibration, and the cause for its obviation 
is that the pitch is rather fine in relation to the diameter, while the blades are 
made narrow, although of the natural form. Now if they had been wider, or the 
screws longer on the line of the keel, the effect would be that the leading comer 
would have broken up the current of water in front instead of cutting it, because the 
extra material put on would be too much in advance of the position of the duty of the 
blade, and thus be an obstruction to its forward motion or travel. Evidence of the truth 
of this has been given by Mr. Griffiths, who, in his article, states, on page 43 : — " When I 
first commenced applying my screw-propellers, I put one on a vessel that was in dock, 
and I then dropped spots of candle-grease aU over the blades of the propellers on both 
sides, and after some time, on the return of the ship to dock to alter the pitch of the 
screw, I foimd that the tallow had been worn off by the friction of the water on the 
propelling side of the front surface, just across the middle or widest part, and on 
the forward side of the leading edge of the back surface." That certainly was a sure as 
well as a simple means of knowing where the friction or resistance was the greatest, both 
on the fore and aft surfaces of the blade, and proved, too, that the leading comers in that 
instance had better have been cut away. So far is this certain, that when the blades are 
wide, as in Fig. 76, the leading and following corners are rounded excessively ; indeed, so 
much so that the natural limit of the blade is entirely destroyed, and an artificial reduced 
shape takes the place of the complete outUne. By doing this the vibration is reduced to 
the minimum, and thus the coarsely-pitched screw with the wide blade — due also to the 
length on the line of keel — can, by shaping it accordingly, be made to act as equaDy 
effective as the narrow blade, which remains untouched. In fact, it is but a matter of 
proportion in toto in relation to the speed of the hull. 

General Aeeangement of Modern Screw Propellers. — This section commences with 
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Side Elevation. End Elevation. 

Elevations of a Six-bladed Propeller fitted to Ships in 
the Egyptian Royal Navy by Messrs. Rennie, 1867. 
Diameter, 15 ft. 9in. ; pitch (adjustable), 17 ft. 6 in. 
to 21 ft. 6 in. ; mean pitch, 19 ft. ; length on the line 
of the keel at root, 1 ft. 2 in. ; at tip, 6 ft. 

Fig. 80. 




End Elevation. 



Side Elevation. 



Elevations of the modern Fonr-bladed Screw-propeller as 
fitted in the Royal Navy by Messrs. J. Penn and Son, 
1869. Diameter, 24 ft. ; pitch, leading side, 24 ft. ; pitch, 
following side, 27 ft. ; adjustable pitches, 23 ft. to 28 ft. ; 
mean pitch, 25 ft. 6 in. ; length on the line of the keel, 2 ft. 

Fig. 81. 




Side Elevation. 



End Elevation. 



Klcvations of the modem Fonr-bladed Screw-propellers fitted 
in the Merchant Navy by Messrs. C. A. Day and Co., 1868. 
Diameter, 16 ft. ; pitch, 25 ft. ; length on the line of the keel, 
3 ft. roet, 1 ft. tip. 

Fig. 82. 



End Elevation. 

Elevations of the modem Three-bladed Screw-propeller fitted to 
Ships of the P. and (). Company by Messrs. C. A. Day and Co., 
1868. Diameter, 18ft ; pitch (adjusUble), 22 ft. to 27 ft.; 
pitch (mean), 24 ft. 6 in. ; length on the line of the keel over 
boss, 4 ft 2 in. ; at tip, 1 ft. 

Fig. 88. 
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a description of the six-bladed screw-propeller, constructed by Messrs. Rennie, and 
illustrated by Fig. 80 on the preceding page. It will be noticed that the blades are inclined 
back in both views, and that they are almost perfect parallelograms in outline, so that the 
rounding off of the leading comers is not carried out at all in this case. 

As a contrast, there is shown by dotted lines a two-bladed screw-propeller also, whose 
area of blade surface equals that of the original, by which it can be imderstood that a very 
little width and length comparatively only is required to make the surface of a two-bladed 
screw to equal that having six blades of a shorter length, but of the same pitch. 

Next is illustrated by Fig. 81, a four-bladed screw, as used in the Royal Navy at 
present. The comers are but very slightly curved, so slightly that the natural outline is 
nearly preserved. As the shape of the boss appears square, a sectional plan of it is given 
which shows also how it is secured on the shaft, being by longitudinal keys and a nut on 
the end of the shaft. 

The next example that is worthy of attention is illustrated by Fig. 82 ; in this case 
the blade is merely the Griffiths' shape, minus the lean-to or curve forward. The boss is 
spherical, as shown in the complete views and the sectional plan. This propeller has 
lately been constructed by Messrs. 0. A. Day and Co., as also has the three-bladed 
example shown by Fig. 83. The blades in this case are adjustable, as in Figs. 80 and 81. 

The next example is the latest three-bladed common screw-propeller, illustrated 
by Fig. 84, as Messrs. Dudgeon construct, as, indeed, do all the leading firms, not only for 
ships of heavy tonnage, but also for steam launches, yachts, &c. 

Fig. 85 is the elevation of the modem two-bladed Griffiths* screw-propeller with 
adjustable blades, and the boss shaped as the frustrum of a sphere. 

The arrangements of the modem screw-propellers have now been freely discussed : 
the conclusion refers to the original form of screw-propellers designed by the late 
Mr. 6. Rennie, and fitted by him to Her Majesty's ship Dwarfs as far back as 1843, as 
illustrated by Fig. 86. It will be observed that the form of the blades are much as those 
of later design, and, excepting the spiral portion in front, it might be termed a modem 
two-bladed screw. Another form of two-bladed screw was designed and fitted to the 
Dwarf hj Mr. Eennie, which is illustrated by Fig. 87, and contrasts materially with the 
present practice. 

The Details op Modeen Scebw-Peopellebs. — This section contains a desoriptioD of 
the best practice by all the leading marine engineers for securing the boss of the propeD^ 
on the shaft, for securing the blade to the boss, and for preventing the blade-flange studs 
from unscrewing. These are three important matters, indeed, so much so, that the 
efficiency of the propeller properly depends on them. 

Secueing the Boss on the Shapt. — ^Messrs. Penn's practice is shown by Pig. 81 on 
page 221 ; they taper the shaft and the boss considerably. Thus, in the case of the 
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End ElevatioQ. 



Side Elevation. 



Elerations of the Three-bladed Screw-propeller fitted to Ships 
in the Merchant Nayy by Messrs. Dudgeon, 1867. Diameter, 
10 ft. 6 in. ; pitch, 18 ft. ; length on the line of the keel, 2 ft 7 in. 
Fig. 84. 




End Eleyation. Side Eleyation. 

£3eTations of the Modem Two-bladed OriflSths' 
Screw-propellers as fitted in the Royal Nayy 
by the leading Marine Engineers, 1869. 
Diameter, 28 ft. ; pitches (adjustable ), 21 ft. 
to 26 ft. ; mean pitch, 28 ft. 6 in. ; lean-to, 
Hi in. ; length on the line of the keel over 
boss, 4fi. 4 in. ; at tip, 1 ft 4 in. 

Fig. 85. 




Side Elevation. 

Side Elevation of Mr. G. Rennie's Screw-propeller fitted 

to Her Majesty's Ship Dwarfs 1848. 

Fig. 86. 




End Elevation. 

End Elevation of Mr. O. Rennie's Two-bhided Screw- 
propeller, 1844. 

Fig. 87. 



Minotaur's screw, the shaft's diameter at the forward end of the boss is 1 ft. 11 in., but 
at the aft end it is 1 ft. 2 in., the length of the taper being 3 ft. 9 in ; the end of the shaft 
is screwed 13 in. in diameter, and a nut acting against a washer, between it and the boss, 
maintains the resistance from the aft thrust. To prevent the boss from turning sepa- 
rately, or being loose on the shaft, two longitudinal keys, oppositely situated, each 3 in« 
wide, are driven in between grooves twinly formed in the boss and shaft. 
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Another means to maintain the same effect is used by Messrs. Bayenhill and Hodgson, 
which is illustrated by Fig. 88 on the next page : in this case the shaft is secured by keys 
only, but these keys are situated laterally, in relation to the shaft and boss, on each side 
of the diameter of the taper, and fore and aft of its length. It will be imderstood that 
two segments are cut out of the circle of the shaft ; into these spaces the keys fit, and 
thus the boss is fixed on the shaft laterally, and longitudinally. To prevent the keys 
withdrawing, they are fitted at the smaller ends with double nuts, which can be used to 
tighten them also if required ; the under nut, it may be added, is seated on a raised 
washer as shown. 

Messrs. Maudslay*s practice is illustrated by Fig. 89, which is a transverse sectional 
view of the boss connexion with the shaft ; they adopt two lateral keys also, but their 
method of securing them is entirely different fi'om Messrs. Ravenhill's practice. In this 
case the keys are held by side pieces that are secured against the keys by studs ; as shown 
in detail at an enlarged scale in this illustration also. 

As these two latter examples belong to propellers of equal proportions, but con- 
structed by two firms, it may be interesting to know how far the makers have considered 
alike in the main dimensions ; and that the Lord Clyde and Lord Warden are the hulls to 
which the propellers are fitted. Both propellers are the double-bladed GriflBths' types, 
made according to all the modem improvements. Here are the main dimensions : 

Peopoetions of the Boss AND Shaft connexion op the Peopellee fitted by 
Messes. Ravenhill to the "Loed Clyde.*' 

Ft In. 

Length of taper in boss . . . . ..45^ 

Diameter of shaft (forward end) . . . . . 1 9|^ 

„ „ (aft end) . . . . . . 1 6i 

Width of key . . . . . . . 10 

Thickness of key . . • . . ..03 

Longitudinal space between keys . . . . .04 

Peopoetions op the Boss and Shaft connexion of the Peopellee fitted by 
Messes. Maudslay to the " Loed Waeden." 

Ft. In. 
Length of taper in boss . . . . ..40 

Diameter of shaft (forward end) . . . .19 

,, ,, (aft end) . . . . ..15 

Width of key . . . . . . 8i 

Thickness of key . . . • . ..03 

Longitudinal space between keys . . . . . 6^ 

Besides the methods here explained, many makers key the propeller with one lateral 
key only, passing through the boss and shaft, and others with the key behind the boss, so 
that nearly all the mechanical modes have been adopted and tried. 

But there is another practical question in this matter, and it is — ^How to get the boss 
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w 



/ 



End Elevation. 



Plan. 

Sectional Elevations and Plan of the Boss of a Modem 
Griffiths* Screw-propeller, also showing the method 
of securing the Boss on the Shaft and the Blades 
to the Boss. 

Fig. 88. 



Side Elevation. Transverse Sectional View of the Screw-propeller- 
Boss Connexion, and Enlarged Section of the 
Method for securing the Keys, by Messrs. Mauds- 
lay, Sons, and Field. 

Fig. 89. 





iza 



Mr. Griffiths* Mode of Securing and Adjusting the 

Blades of Screw-propellers. 

Fig. 90. 



Sectional Elevation and Plan of Messrs. Rennie^s 
Mode of Adjusting the Blades of their Six-bladed 
Screw-propeller. 

Fig. 91. 




End Elevation. 




Side Elevation, 



Elevations and Plan of Messrs. Maudslay^s Mode of 
Securing the Blades of the Propellers fitted to Her 
Majesty's Ships Viper and Vixen, 

Fig. 92. 



2g 



Section of a Globular Boss, for Three Blades, 
that are Secured by Bolts and Nuts. 

Fig. 98. 
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off from the shaft. It is all very well to be able to key it on tightly, but a time will come 
when it must be made loose, again to take it off, and it is for that reason that the lateral 
keys at the sides of the shaft have been adopted, for they can be easily removed, and thus 
the boss driven off, or the shaft withdrawn; or, as Messrs. Penn prefer, the taper is 
greater, and thus, when the nut is withdrawn, the disconnexion is the simplest. 

Secueing the Blades to the Boss ; combined with the modern pbactice op pebventing 
THE Flange Studs from Unscrewing. — It is of course obvious that when the blades and 
the boss are in one casting, all the details now to be described are useless ; but as we 
live in the days of gigantic means of warfare, so do we require gigantic propellers, and 
as those are costly as well as heavy, in the event of the fracture of any portion of them 
it is far better to replace the detail than the whole. But apart from that it has been 
deemed more advantageous to be able to adjust the angle of the blades to suit the 
velocity of the screw and speed of the hull, than to have a fixed angle, which if altered 
required a new propeller. 

When Mr. Griffiths started his propeller he made the blades fixed on the boss, but 
he soon discarded that practice, for in his article he states, at page 41, " My attention 
was next directed to the construction of my screw-propeller in such a way as would com- 
bine the greatest possible stability with increased facilities for altering the pitch or 
replacing a broken blade in case of an accident ;** and the illustration. Fig. 90, represents 
his mode of carrying out his requirements. This is the " key and wedges " arrangement, 
the "key** passing through the securing portion of the blade, and the metal in the boss 
surrounding it. The " wedges " are arranged in the key spaces in the boss, so as to alter 
the angle of the key and blade simultaneously. To prevent the keys and wedges from 
shifting when set, stop-plates and screw nuts are put on the extremities of the keys. This 
means has since been continually adopted with the addition of securing studs, as shown 
in the sectional elevation and plan. 

Now the adoption of the set or securing studs led to the non-adoption of the keys 
and wedges, i.e.j what was introduced as an assistant became the master entirely, and, 
therefore, the simple flange and stud connexion was introduced, which is now aknost 
universal. Some firms, however, have lately used the original mode ; for example, Messrs. 
Rennie, with their modem six-bladed propeller, prefer to adjust and secure the blades, as 
illustrated by Fig. 91, which is the key and wedge arrangement without the set studs 
and nuts. 

It must not be forgotten, however, to mention that Messrs. Maudslay have always 
preferred to omit the keys and wedges, and use the studs and flange only, of which an 
example is illustrated by Fig. 92. This is a flat boss to which is secured the blades by 
studs screwed into flanges, and the complete outline forms a singular cpmparison widi 
those in Figs. 88 and 90. 

The general practice, when the propeller has three adjustable blades and the boss 
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Messrs. Penn*8 method for securiog the heads of 

Screw-propeller Flange-studs. 

Fig. 94. 





Messrs. Mandslay's method for securing the heads of 

Screw-propeller Flange-studs. 

Fig. 95. 



Messrs. Maudslaj's method for securing the heads of 
Screw-propeller Flange-studs. 
Fig. 96. 




Messrs. Rarenhiirs method for securing the heads of 
Screw-propeller FUnge-studs. 

Fig. 97. 



globular, is shown by Fig. 93, which is an enlarged sectional plan of the boss of the 
propeller illustrated by Fig. 83, on page 221. 

The reason why the studs and flange are sufficient to secure the blade is that the 
surface of the flange of the blade forms a perfect joint with the seat on the boss, and 
when thus connected the frictional contact is almost unlimited, so much so, indeed, that 
it is a rare occurrence for the largest and longest blades to shift aroimd on their seats after 
being secured down by the flange studs. 

2o2 
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The next proceeding is to describe the various methods for preventing the flange studa 
from unscrewing, commencing with Messrs. Penn's latest improvement, which is illus- 
trated in two views by Fig. 94. The plan shows that the arrangement consists of the heads 
of each stud being surrounded by a ring of metal of suitable thickness, the centre periphery 
of which is indented or formed as a pinion with square teeth and spaces ; between the 
rings on the pitch line of the flange studs are stop-studs, having square collars which fit 
into one of the spaces in each ring, and thereby lock them together ; the rings are also 
further secured by nuts on the stop-studs, holding them down on the flange plate that 
receives the studs. This method has also the advantage of connecting the flange studs 
entirely, inasmuch that one head cannot turn without shifting the one next to it, and so on 
in succession. It will be noticed also that as each ring has eleven spaces on its outer 
edge, there are, therefore, eleven separate angles to which the main studs may be screwed 
up to for securing the flange of the blade to the boss. 

Messrs. Maudslay's mechanical arrangement in this matter is illustrated by Pig. 95. 
The plan shows that each pair of studs are fitted with a flange plate, on which the head is 
fixed, and to secure the head firom turning around a set-plate is used, the edge of which 
fits against either side of the head. This plate can be secured at three separate points by 
the same stud, and as the plate has four sides all unequidistant from the centre of the 
stud, there are of course twelve angles in this case, to which the main studs can be screwed 
up to for securing the flange of the blade. This method is the cheapest possible, and equally 
certain as the previous arrangement, but without the combined locking of the heads. 

Messrs. Maudslay have used the arrangement shown by Fig. 96 also. The plan 
illustrates that the heads of the main-studs are held in position by separate plates of a 
curved form, the inside edge being indented angularly to fit the hexagonal edges of the 
stud, and the line of the depth of the indentations is a curve whose radius equals half the 
width of the head across the angles ; each plate is secured by two studs, and as there are 
eleven indents, so can the heads be secured at eleven different angles ; the firm sometimes 
prefer to connect each pair of main-stud heads by a single stop-plate secured by one stud, 
its extremities being as the single plate, the middle portion and the stud being shown by 
dotted lines in the plan and section of this illustration. 

Messrs. Ravenhill's practice next must be noticed. That firm prefer the appliance 
shown by Fig. 97, which consists of a stop-plate situated between each pair of main-stud 
heads ; in this illustration the plate fits the flats of the heads, but other forms of plates are 
used also, similar to the double plate by Messrs. Maudslay, just referred to. It will be 
noticed that with the four methods described, flange-plates are used for the main-stud 
heads to rest on, and also to receive the stop-studs of the set-plates, also that the holes for 
the main-studs in the blade-flanges are elongated sufl&cient to alter the angle of the blade 
to the minimum and maximum limits. 
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Messrs. Day^s method for secaring the heads of Screw- 
propeller Flange-studs. 

Pig. 98. 





Messrs. Maudslay's arrangement to resist the aft 
thrust of ihe Propeller on the Shaft. 

Fig. 100. 




Messrs, Maudslay's method for adjusting the Propeller- 
Blade. 

Pig. 99. 



Wood surfaces in a hrass disc to resist the aft thrust 
of the Screw-propeller, as the general practice, 1869. 

Fig. 101. 



A rather novel method also has been used by Messrs. Day, as illustrated by Fig. 98. 
Bolts are preferred here in the place of studs, and the heads are T-shaped, the holes in 
the boss-flange being made to correspond. The main feature is, in the nut being grooved 
at the top across each angle, and a split-pin, passing through the end of the bolt and one 
of the grooves, prevents the nut from unscrewing ; of course there are only three angles 
in this case that the nut can be screwed up to and secured. 

Messrs. Humphrys have used the spUt-pin method also, and the Thames Iron Works 
Company have adopted double nuts, while the Scottish engineers have used similar 
means and the others we have noticed. 

The process of altering the angle of the blade of the propeller is a matter of removing 
all the stop-plates, and loosening the main studs, and then by clamp levers turn the blade 
to the required position on its seat. Now, the power required to start the flange or break 
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the joint, is considerable, and doubtless Messrs. Maudslay were prompted by that fact to 
design their very simple but eflGlcacious mode for shifting and adjusting the blade, as 
shown by Fig. 99, which mode is but a stud — screwed through a projection formed in 
the flange of the blade — pressing against the flange stud, and thus the blade flange is 
started. Four of those studs are used with large blades, each situated in the comers of 
a square limit, and the method of adjustment is thus : if the forward edge of the blade 
nearest the stempost were required to be turned towards it, the forward and aft adjusting 
studs on the left and right-hand sides would have to be turned to force against the two 
flange-securing studs opposite them, or to be screwed up, while those adjusting studs 
opposite must be turned to release their contact with the other two flange studs, or 
unscrewed ; and vice versd should the blade be required to be shifted in an opposite 
direction. 

The same firm has arranged a mechanical means to resist the aft thrust of the pro- 
peller disturbing the position of the boss on the shaft, and thus relieve the boss cross- 
keys from the full shearing strain ; this is illustrated by Fig. 100. It is that the end of 
the shaft has a groove formed in it, into which a ring in halves is secured by a metalhc 
cord, and, as the boss presses against the ring it is prevented from shifting longitudinally. 
The end and ring are covered by a curved disc that is secured to the boss by studs, as 
shown in the sectional and complete views. 

When the propeller is hung in a lifting frame many of the leading firms adopt wooden 
surfaces in a brass disc, as shown by Fig. 101, which receives the aft thrust of the 
extremity of the boss, and bears against the back of the frame support. 

We have now ran through the leading particulars of the best practice by all the 
leading firms on screw-propellers, and conclude this chapter with a series of Tables 
containing the proportions of the modem screw-propellers illustrated in this work. 



Headings of Table, No. 1. 


Headings of Table, No. 2. 


Headings of Table, Na 8. 


Headings of Table, No. 4. 


Headings of Table, Na a. 


Name of the Ship. 

Nominal hone-power of 
the Engines. 


AiynsUble pitches of the 
Blade. 


Thickness of the Blade 
at the tip. 


Mode of preventing the 
Stnds from unscrewing. 


Mode of Securing tilt bo» 
on the Shaft 


Mean pitch of the Blade. 


Form of the lineal section 
oftheBladei 


Diameter of the Boss of 
the Propeller. 


Number cl Keys. 


Name of the Conitructor. 


Shape of the Blade. 


Width of Key. 




Mechanical mode of 

securing the Blade to 

the boss. 


Length of Bosa. 




Type of the Screw-pro- 
peller. 


Width of the Blade at tip. 


Thickness of Key. 


Diameter of the flat end 
forward. 




Width of the Blade at boss. 


Depth of Keyway in 




Diameter of the Blade 
Flange. 


Shaft 


propeller. 


Maximum width of the 
Blade beyond root 


Diameter of the flat 
end aft 


Mode of Securing Keys. 


Construction pitch of the 
Blade. 


Number of the Blades. 


Number of the Securing 
Stnds. 


Diameter of the Shaft in 
Boss forward end. 


WaighUof ovcrhaag 
xTopeuen. 


Pitch of the leading half 
of the Blade. 


Total area of the propelling 

surface of the Blades in 

square feet. 


Diameter of the Securing 
Studs. 




Diameter of the Shaft 
in boss af t-end. 


WeighUof Lifting 
Propdlen. 


Pitch of the foUowing 


Meul of the Blade. 


Total area of the Seeming 
Studs in square inches. 


Length of the Uper of 
the Shaft. 




half of the Blade. 


Thickness of the Blade at 
the root 


BeoMTki. 
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No.l. 
Tabulas Statement of the Pbopobtions of the Modebn Sobew-pbopellebs Illu^tbated 

IN this Wobk. 



R«f«ranc« 
Nomben. 


NMMOrtlMSUlk 




Name of the Conatnictor. 


Type of the Screw- 
propeller. 






ill 


of tb« 
ing half of 

liUl«. 






It* 






u 


6*3 




il 


tit 


PUUl 


P«S. 










Ft In. 




Ft 


In. 


Ft In. 


18 


124 


H.M.A.P.S. 

« MinoUnr." 


1350 


Messrs. Penn. 


Foor-bladed conmion 
screw. 


24 


Double 
pitch. 


24 





27 


19 


125 


H.M.A.P.S. 

" Aginconrt." 


1350 


Messrs. Mandslay. 


Fonr-bladed common 
screw. 


24 6 


Double 
pitch. 


24 


101 


28 U 


20 


127 


H.M.A.P.S. 
" Lord Clyde." 


1000 


Messrs. Rayenhill. 


Fonr-bladed common 
screw. 


23 


Double 
pitch. 


23 


5i 


26 6 


16 


122 


The P. and O.S.S. 
Snrat. 


500 


Messrs. C. A. Day 
andCk). 


Three-bladed common 
screw. 


18 


Uniform 
pitch. 


24 


10 


24 10 


B 


17 


Egyptian Got. 
"Charkieh." 


350 


Messrs. Rennie. 


Six-bladed common 
screw. 


15 9 


Uniform 
pitch. 


18 





18 


A 


15 


H.M.8. "Lapwing." 


80 


Messrs. Rennie. 


Three-bladed Griffiths. 


8 6 


Uniform 

pitch. 
Uniform 


11 


6 


11 C 


15 


106 


Greek Ganboat 


150 


Thames Iron Works 


Three-bladed common 


12 


15 





15 






« King George." 
D.S.T.S.8. 




Company. 


screw. 




pitch. 








IbA 


109 


100 


N. P. Burgh. 


Three-bladed common 


7 6 


Uniform 


10 





10 












screw. 




pitch. 








12 


81 


H.M.A.P.S. 
" Lord Warden." * 


1000 


Messrs. Mandslay. 


Two-bladed Griffiths. 


23 


Uniform 
pitch. 


23 


6 


23 G 


11 


79 


H.M.A.P.S. 
" Lord Clyde." 


1000 


Messrs. Rayenhill. 


Two-bladed Griffiths. 


23 


Uniform 
pitch. 


28 


6 


28 6 


21 


129 


H.M.A.P.8. 
••Warrior." 


1250 


Messrs. Penn. 


Two-bladed Griffiths. 


24 


Uniform 
pitch. 


30 





30 


10 


77 


H.M.S. "ArethuBa." 


500 


Messrs. Penn. 


Two-bladed Griffiths. 


18 


Uniform 
pitch. 

Uniform 
pitch. 

Uniform 
pitch. 

Uniform 


23 





28 


25 


138 


H.M.T.S. •• Orontee." 


500 


Messrs. Watt. 


Two-bladed Griffiths. 


18 


25 





25 


82 


162 


'•H.M.S. "Aurora." 


400 


Messrs. Mandslay. 


Two-bladed feathering. 


17 .0 


Flat 


Flat 


84 


164 


A.8.8. "T^ctoria." 


150 


Messrs. Rennie. 


Two-bladed feathering. 


9 11 


Flat. 


Flat 
















pitch. 








IS 


100 


H.M.S'8. 
••Viper" and ••Vixen." 


80 


Messrs. Mandslay. 


Two-bladed common 
screw. 


9 


Double 
pitch. 


11 


3 


12 9 


28 


186 


Gunboats. 


50 


Messrs. Watt 


Two-bladed conmion 
screw. 


6 


Uniform 
pitch. 


7 


6 


7 6 


9 


76 


H J4.8. •• PaTorite," 


400 


Messrs. Hmnphrys. 


Fonr-bladed Mangin. 


16 


Double 
pitch. 


16 


8 


20 


C 


17 


H.M.8. "Bullfinch." 


80 


Messrs. Rennie. 


Four-bladed Mangin. 


7 8 


Uniform 
pitch. 


11 


4 


11 4 


8 


74 


HJI.T.8. « Simoon." 


850 


Messrs. Watt 


Two-bladed common 
screw. 


16 


Uniform 
pitch. 


20 





20 


17 


128 


H. and A.8.S. 
" Allemannia." 


400 


Messrs. Day. 


Fonr-bladed common 
screw. 


16 


Uniform 
pitch. 


25 





25 


14 


102 


Royal MaU 6.S. 
"Rnahine." 


175 


Messrs. Dodgeon. 


Three-bladed common 
screw. 


10 6 


Uniform 
pitch. 


18 





18 


15b 


111 


Spanish Nary Steam 
Launch. 


6 


Thames Iron Works 
Company. 


Three-bladed common 
screw. 


2 6 


Uniform 
pitch. 


4 





4 


D 


20 


Steam Launch, R.N. 


6 


Messrs. Rennie. 


Fonr-bladed common 


2 6 


Uniform 


8 


6 


3 6 




1 






screw. 




pitch. 
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No. 2. 
Tabulab Statement op the Pbopobtions op the Modern Sceew-peopellees. 



i 




"S 






1 


1 




1^ 


1 


i\\ 




i\ 


Reference 
Nombeit. 


AdjtuUUe pitches 
of the Blade. 


^4 


Shape of the Blade. 


1 

•3 


1 


1 




ii 


Total ares o 
propelling si 
of the Bladi 
square feet 


1 








^^ 




^'i 


^ 


% 


a"s§. 


en 


:Ss 


^s 


PUte 


P«g« 


Ft In. rt In. 


Ft 


[n. 




Ft In. 


Ft 


In. 


Ft In. 








la. 


18 


124 


23 0to28 


25 


6 


Angnlar strught 
sides. 


5 3 


3 





Not 
required. 


4 


136 


Oon- 
meUl. 


10 


19 


125 


24 Oto29 


26 


6 


Angnlar straight 
sides. 


5 5 


3 





Not 
required. 


4 


138 


Qan- 
metal. 


9 


20 


127 


22 6 to 27 6 


25 





Angnlar straight 
sides. 


5 3 


2 


7i 


Not 
required. 


4 


186 


Gun. 
meUl 


H 


16 


122 


22 0to27 


24 


10 


Pear-shaped cnrred 
sides. 


2 4 


2 


10 


5 4 


8 


90 


Cast 
iron. 


8 


B 


17 


17 0to21 6 


19 


3 


Nearly parallel straight 
sides. 


1 6 


1 


6 


Not 
required. 


6 


57 


Wrongbt 
iron. 


4i 


A 


15 


9 6 to 13 6 


11 


6 


Pear-shaped cnrred 
sides. 


1 1 


1 


9 


2 8 


3 


16 


Gun- 
meUL 


2} 


15 


106 


13 6 to 16 6 


15 





Forward side mnch 
curved back. 


None. 


2 


1 


4 5i 


3 


47-4 


Cast 

iron. 


5 


15a 


109 


8 0tol2 


10 





Forward side mndi 
curved back. 


None. 


1 


3i 


2 lOi 


3 


20 


Gon- 
metal. 


»i 


12 


81 


21 0to26 


23 


6 


Pear-shaped curved 
sides. 


3 2f 


3 


4 


7 4i 


2 


95-5 


Gun- 
metaL 


11 


11 


79 


21 0to26 


23 


6 


Pear-shaped curved 
sides. 


3 3 


4 


5 


7 


2 


9916 


Gnn* 
metal 


10 


21 


129 


27 0to33 


30 





Forward side mnch 
curved back. 


3 4 


5 


8 


8 3 


2 


120 


Gun- 
metal. 


9i 


10 


77 


20 0to26 


23 





Forward side mnch 
curved back. 


2 7 


3 


9 


6 


2 


68 


■ Gnn- 
metaL 


6 


25 


138 


22 6 to 27 6 


25 





Pear-shaped curved 
sides. 


2 6 


3 


9 


6 


2 


69-2 


Gun- 
metal 


6 


32 


162 


17 6 to 22 


20 





Straight aft and curved 
forward sides. 


Below 

tip. 

3 lOi 


1 


U 


3 11 


2 


42 


Gun- 
metal. 


6 


34 


164 


12 0tol5 


13 


6 


Straight vertical sides 


2 8 


11 


2 8 


2 


18 


Gun- 


JH 












curved at boss. 














metal. 




13 


100 


10 9 to 13 3 


12 





Angular straight 
sides. 


3 


1 


4 


Not 
required. 


2 


18 


Gun- 
metal 


»i 


28 


136 


7 Oto 8 


7 


6 


Angular straight 
sides. 


2 3 


1 


1 


Not 
required. 


2 


7-68 


Gun- 
metal 


2 


9 


75 


Cast with the 
boss. 


18 


4 


Parallel straight and 
curved sides. 


2 8 


1 


11 


Not 
required. 


4 


17-7 


Gun- 
metal 


6 


C 


17 


Cast with the 
boss. 


11 


4 


Angular slightly curved 
sides. 


1 7i 


1 


3f 


1 3 


4 


18 


Gun- 
metal 


3i 


8 


74 


Cast with the 
boss. 


20 





Angular straight 
sides. 


8 


3 


3* 


Not 
required. 


2 


40 


Gun- 
metal 


4 


17 


123 


Cast with the 
boss. 


25 





Parallel sides slightly 
curved. 


2 4 


3 


8 


3 4 


4 


75 


Cast 

iron. 


€ 


14 


102 


Cast with the 
boss. 


18 





Forward side much 
curved back. 


None. 


2 


8 


4 2\ 


3 


80-4 


Cast 
iron. 


W. 


15b 


111 


Cast with the 
boss. 


4 





Forward side much 
curved back. 


9J 





H 


Not 
required. 


3 


2-8 


Gun- 
metal. 


IJ 


D 


20 


Cast with the 
boss. 


3 


6 


Sides curved slightly 
opposite. 


8 





4 


5 


4 


2 


Gun- 
metal. 


* 
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No. 3. 
Tabular Statement op the Peopoetions op the Modern Screw-propellers. 





1* 






1 








Kifannet 




Form of the 


Mechanical mode of securing 


« 1 


Kombwoflb. 


Diameter of the 


Total area of the 

O ♦-- Q A-- J_ 


Nambera. 


lineal section of the 
BUde. 


the BUde to the Bosa. 


1 = 


Secnriog Studs. 


Securing Stud.. 


Secanng otuds 
in square inches. 




li 




♦ 


II 










H« 






on 








n«te 


P.ge 


In. 






Ft. In. 




In. 




18 


124 


2 


Vertical. 


Studs and flange. 


3 10 


15 


8i 


Gun-metal. 
134-425 


19 


125 


H 


Vertical. 


Studs and flange. 


4 2i 


14 


8 


Gun-metal. 
98-952 


20 


127 


U 


Vertical. 


Studs and flange. 


8 9 


14 


3 


Gun-metal. 
98-952 


16 


122 


H 


Vertical. 


Bolts and flange. 


2 10 


6 


2i 


Wrought iron. 

23-856 
Area of neck 


B 


17 


i 


Lean back 5^ in. 


Neck with key and wedges. 


1 li 


Diameter of 


Length of neck 














neck Tin. 


9 in. 


38-484 


A 


15 


i 


Carved forward 
3iiQ. 


Bolts and flange. 


I 2 


6 


U 


Gun-metal. 
7-362 


15 


106 


i 


Vertical. 


Bolts and flange. 


1 11 


8 


2 


Wrought iron. 
25-128 


15a 109 


i 


Vertical. 


Bolts and flange. 


1 6 


7 


U 


Wrought iron. 


















12-869 


12 


81 


U 


Cunred forward 
lUin. 


Studs and flange. 


4 5 


16 


H 


Gun-metal. 
153-936 


11 


79 


H 


Curved forward 
Hi in. 


Studs and flange. 


8 Hi 


10 


4* 


Gun-metal. 
159-040 


21 


129 


U 


Curved forward 


Neck with key and wedges. 


Neck 


Width of key 


Thickness of key 


Area of neck 








ISJin. 




1 6 
Flange 


9 in. 


21 in. 


254-469 










3 2| 








10 77 


1 


Curved forward 


Flange with bolts and nuts, 


Neck 


Width of key 


Thickness of key 


Gun-metal. 


1 
i 




7 J in. 


and neck with key and wedges. 


1 8 
Flange 

2 6 
Neck 


7i in., and 6 
stads. 


2i, studs' diar. 
liin. 


10-602 


25 , 138 


1 


Curved forward 


Neck with key and wedges. 


Width of key 


Thickness of 


Area of neck 


i 




lOJ in. 




1 2 
Flange 


7in. 


key 2i. in. 


153-938 












2 2i 








82 


162 


1 


Vertical. 


Neck and lever. 


Neck 
1 li 


None. 


None. 


Area of neck 
187-886 


84 * 164 




Vertical. 


Neck and lever. 


Neck 


None. 


None. 


Area of neck 












7i 






44-178 


18 


100 




Vertical. 


Studs and flange. 


1 11 


12 


u 


Gun-metal. 
14-724 


28 


136 




Vertical. 


Studs and flange. 


1 1 


4 


li 


Gun-metal. 

7-068 


9 


75 


u 


Vertical. 


None. 


None. 


None. 


None. 


None. 


C 


17 




Vertical. 


None. 


None. 


None. 


None. 


Noue. 


8 


74 


If 


Vertical. 


None. 


None. 


None. 


None. 


None. 


17 


123 


u 


Vertical. 


None. 


None. 


None. 


None. 


None. 


14 


102 




Vertical. 


None. 


None. 


None. 


None. 


None. 


15b 


111 




Vertical. 


None. 


None. 


None. 


None. 


None. 


D 


20 




Vertical. 


None. 


None. 


None. 


None. 


NoTJ«». 
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No. 4. 
Tabular Statement of the Pbopoetions op the Modern Sorew-pbopbllkes. 



Refersnoe 
Numben. 



PUte 
18 

19 

20 

16 

B 

A 

15 

15a 

12 

11 

21 

10 
25 
32 
34 
13 
23 

9 

C 

8 
17 
14 
15b 
D 



Page 
124 

125 

127 

122 

17 

15 

106 

109 

81 

79 

129 

77 

138 

162 

164 

100 

136 

75 

17 

74 

123 

102 

111 

20 



If ode of preventing the 

Studs and Keys from 

unscrewing. 



Combined indented rings 

and stop-studs. 
Separate set plates and 

studs. 
Double set plates and 

studs. 
Grooves in the nut and 

stop-pin. 
Double nuts and pin on 

the ends of the key. 
Grooves in the nut and 

stop-pin. 
Bolts, nuts, and stop* 

pin. 
Double nuts and pin. 

Separate set plate and 

stud. 
Double set plates and 

studs. 
Stops in the flange and 
packing pieces fitted be- 
tween the key and boss. 
Double nuts and pin. 

Double nuts and pin in 

the ends of the key. 

None. 

None. 

Separate set plate and 

stud. 
Double nuts and pin. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 



Diameter 
of the Boss 
of the Pro- 
peller. 



Ft. In. 

4 
square. 

4 7 
square. 

4 
square. 

4 6 

3 2 



2 7 
1 10 

5 6 

6 6 

6 7 



5 

4 
3 



Length 
ofBoes. 





6 

3 



Oi 

8 



Central 

2 
Central 

1 6 
Central 

1 8 
4 

Central 

2 li 

^ 

5 I 



Ft. In. 

4 

4 7 

4 

4 li 

3 8i 

1 8 

2 3i 
1 Si 

4 5 
4 6 
4 8 

4 

3 9 
1 lOi 
1 3 
1 11 

1 6 
3 3 

2 4 

3 6 
3 8 
2 7 
6i 
3i 



Diameter of the flat 
end forward. 



Ft. In. Ft. In. 

3 10 

4 2i 

Octagonal. 
3 8 
1 9 

1 6 

1 6 

1 3i 

9 

3 3 

4 
4 8i 

3 

2 5 ^ 

2 6x2 

1 0x1,2 

Neck of bearing 
10 
Neck of bearing 

7 

2 2i 

1 1 
1 11 

Neck of bearing 

15 

1 3 



3| 



Diameter of 

the flat end 

aft 



Diameter of the 

Shaft in Boss for- 

wardrend. 



3i 



Ft In. 

3 10 

4 2i 
3 8 
1 10 
1 6 

1 6 

1 3 
8i 

3 3 

5 

4 8i 

3 

2 6 

Lever and 
coupling. 
Lever and 
coupling. 
None. 

8 

1 8i 

1 ^ 

I 10 

1 1 

2* 
3i 



Ft In. 
11 



11 
9 
4i 

9 
9 

n 



Diameter of 
the Shaft in 
Boaiaft-ead. 



Ft In. 
1 2 



I! 







1 
1 



Forward bearing 

1 Hi 

Forward bearing 

1 8 
Forward bearing 

1 3 
Forward bearing 

1 7i 
Forward bearing 

Hi 
Forward bearing 

H 





1 

1 
1 






7 

2i 

7i 

u 

2 

U 



1 
1 
1 






1 

1 



5 
5 

2i 
11* 
6i 
8 
5* 
5 
6i 



Aft bearing 
1 3i 

Aft bearing 

1 3 
Aft bearing 

1 
Aft bearing 

1 1 
Aft bearing 

5 
Aft bearing 

8 

5 

1 
6 

Hi 

1 
8 
1| 
1} 



Ft la. 

3 9 

4 7 
4 U 
3 11 
3 Si 

1 6i 

2 3 

1 » 

3 11 

4 5i 
Nose. 

N(me. 
None. 
None. 
None. 
None. 
None. 

2 n 

2 1 

2 9 

3 5t 
2 7 
51 
Si 
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No. 5. 
Tabulae Statement of the Peopoetions of the Modeen Sceew-Peopellees. 



Numbers. 


Mode of securing the 
Boss on the shaft 


No. of Keys. 


Width of 
Key. 


Thickness 
of Key. 


Depth of Key way 
in Shaft. 


Mode ot securing 
Keys. 


Weights of the 

Propellers keyed 

on the Shaft. 


Name of Ship. 


Weigbu of 
the LiaiDg 
Propellers. 


Flmtc Ptg« 






Inches. 


Inches. 






Ts. cwt qr. 


lb. 




Ts. cwt. qr. 


18 . 124 

1 


Longitadinal keys 
and nut on shaft. 


2 


3 


2 


lin. 


Flange and nut 
on shaft. 






H.M.T.8. 

" Orontes." 


10 4 1 


19 125 

1 


Side keys and stop, 
ring on shaft. 


2 


9 


34 


8 in. space 
between. 


Side plates and 
studs. 


22 17 





H.M.S. 

" Aurora." 


6 11 


20 1 127 


Side keys and flat 
plate. 


2 


10 


3 


4 in. space 
between. 


Double nuts. 


22 





A.S.S. 
" Victoria." 


1 18 


16 


122 


Longitudinal keys 


(4) 2 at each 


2i 


14 


Jin. 


Nut on shafL 


9 15 





H.M.S.s."Viper" 


10 3 






and nut on shaft. 
Longitadinal key. 


end of the 

boss. 

1 


4i 


H 


lin. 


Riveted. 


5 1 





and " Vixen," 




B 1 17 




A 1 15 


Longitadinal key. 


1 


2 


n 


iin. 


Riveted. 


1 5 





Rbmabkb. 






















All the propellers parti- 


15 106 


Longitadinal keys 
and nat on shaft. 


2 


H 


H 


lin. 


Nut on shaft 


2 11 1 


13 


cularised in these five Tables 
are examples of the latest 


15 A 


109 


Cross-key and nat 
on shaft. 


1 


34 


u 


Through boss, 
nearly central. 


Flange of 
blade. 


112 





and best practice by the 
leading firms, and the com- 


12 


81 


Side keys and stop- 
ring on shaft. 


2 


8i 


H 


64 in. space 
between. 


Side plates 
and studs. 


17 9 





pleteness of them is only 
equalled by their truth, as 


11 


79 


Side keys and flat 
plate. 


2 


10 


3 


4 in. space 
between. 


Doable nuts. 


18 





every dimension and other 
particulars are given l»y the 


9 


75 


Longitudinal keys 
and nut on shaft. 


2 


2i 


14 


4 in. 


Collar and nut 
on shaft. 


4 19 





makers. The utility of 
the Tables is apparent also 


C 


17 


Longitudinal keys 
and nut on shaft. 


2 


2 


14 


T^in. 


Nut on shafL 


1 





from their completeness 
and arrangement; as care 


8 


74 


Cross-key and bear- 
ings fore and aft. 


1 


6 


H 


Through boss, 
central. 


Split end. 


3 15 





has been taken to classify 
all the particulars in a con- 


17 123 


Longitudinal keys 


(4) 2 at each 


2* 


n 


4 in. 


Nut on shaft 


7 4 1 





secutive manner, or simi- 






and nut on shaft. 


end of the 
boss. 














larly as their relation is 
one to the other in actual 


14 


102 


Cross-key and lon- 


1 cross. 


Cross 5 


Cross IJ 


lin. 


Split 


2 13 2 





practice. For example, 






gitudinal key. 


1 long. 


Long. 2 


Long. 14 




Closed. 






having settled the diameter 


IoB; 111 


Longitudinal key 


1 


4 


4 


^'^' 


Nut on shaft. 


1 134 


and pitch of the projieller, 






and nut on shaft. 
















the next step is to deter- 


D 


20 


Longitudinal key 
and nat on shaft. 


1 


1 


4 


iVin- 


Nut on shaft 


2 





mine the area of the blade, 
which is subsequent to the 



shape, and the widths to both of those limits. Next is known the metal forming the blade, by which the thicknesses are settle«l, and 
then the lineal section. After this comes the matter whether the blade shall be adjustable or fixed on the boss, and if the former, the 
mechanical mode of securing the blade to the boss is considered ; and suppose it is by a flange and studs, the diameter of the flange is 
tlelcrmincd from the angle of the blade at the root, and the number of the studs that can be screwed into the seat on the boss with a certain 
diameter of stud ; the area of which multiplied by the number used, settles the stud-area for securing the blade according to the material 
a«ed. So much for the blade and its connexion ; next is determined the best means for preventing the studs from unscrewing, and that being 
•satisfactorily arranged, the diameter and length of the boss can be settled now, if not before, also the diameter of the shaft and the mode 
Tur securing the boss on it ; and, finally, the weight of the whole propeller. 

2h2 
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CHAPTER XXI. 

a compabative review op the peinciples of screw propulsion, described in this work by 
the most eminent marine engineers, with the opinions op other authorities. 

By N. p. Burgh. 

INTRODUCTION. — It is an axiom of importance that when an authority of note on 
any scientific subject writes his opinions under his name for public use, he is fer 
more deliberate than one of lesser position and information ; indeed the difference of care 
widens in proportion to the diflference in knowledge possessed by the two writers. The 
reason for this is that the professor who knows his subject thoroughly knows too the 
danger that results from a supposititious conclusion, and that, as his opinion is of importance 
and belief, an imaginary or even a loose way of expression may lead to a mistaken 
construction. Another feature in this case is that the more the authority knows, the more 
concise is his explanation, and therefore it is the more ready to be understood and appUed. 
Now, the force of these remarks applies to the eminent marine engineers who have written 
the concise and practical articles on screw-propulsion imder their names in this work, in 
the following order : 

An Introduction, by G. B. Rennie, Esq. 

The History of the Griffiths* Screw-propeller, by the inventor, Robert Griffiths, Esq. 

The Geometry of the Paddle Wheel, by C. Barclay, Esq., of the firm of James Watt 
and Co. 

On Twin-screw Propulsion, by Messrs. J. and W. Dudgeon. 

General Remarks on the Twin-screw System, by Captain T. E. Symonds, R.N. 

The Practical Results of Lignum Vitae Bearings for Screw-propellers and Screw- 
shafting, by J. Penn, Esq., M.I.C.E., &c, 

A Description of the Feathering Screw-propeller as fitted to certain Ships by Messrs 
Maudslay, Sons, and Field. 

The Principles and Practice of the use of Thrust Blocks for Resisting the Thrust of 
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Screw-propellers, by Mr. W. Langdon. And an Article by Mr. Rigg on a New Principle 
of the Screw-propeller. 

Having, then, all these authoritative opinions expressed in this work, its value is 
unparalleled as a standard of reference ; for nothing in print to the present can surpass 
the excellency of the information given or the practical knowledge of the marine engineers 
whose names are here quoted. 

The object, therefore, of this chapter is to impart the most sound information on the 
principles of screw-propulsion by comparing the opinions of the authorities named with 
others, so as to see how far they agree on the same point, also the cause for any diflference 
that occurs, and, to begin with, on the 

Action op the Scbew-propellee. — ^Mr. Bennie states that, " The action of a screw- 
propeller is that of one or more blades forming portions of a screw, which act obliquely 
on the water, and rotate about a central axis. 

" As is well known, the resistance to a body passing through water acts perpen- 
dicularly to its surface, and therefore the more the propelling blade is at a right angle to 
the line of motion of the vessel, the greater will be the proportion of thrust in that 
direction ; but since the principle of a screw is that of an inclined plane revolving about a 
centre — the angles of which vary according to the diameter, there must of necessity be 
some angle in the blades, and consequently a certain amount of lateral resistance, which 
will be proportional to the angle of the blade ; this is usually counteracted or balanced by 
the successive positions of the blade as it rotates round its axis, and is thus not apparent 
in the ship's motion. However, this is not always the case, for, since the resistance 
materially increases according to the depth of immersion, the resistance on the blade iti 
its lower position exceeds that in its upper position, and a sensible lateral motion is the 
result. The greater the diameter and the greater the angle of the blade the more is the 

motion apparent, and may account for the fact that some screw steamers are said to carry 

a port or starboard helm. 

" The main object of every propeller is to utilise the power in such a manner that the 

greatest possible speed may be obtained with the least possible power ; also that its 

position may be such, so as not to inconvenience the ordinary working or manoeuvring of 

the ship ; and that its eflTect may be produced without any disagreeable sensation to those 

on board. 

" The screw-propeller, if due attention be paid to its action, is capable of fulfilling these 

conditions in a high degree : first of all, it is necessary that it have sufficient surface in 

order to give the required resistance ; and secondly, that this surface be so applied as to 

give the least slip, the least friction, and the hast vibration. 

" The slip will vary with the angle of the propeller, the velocity of the blades through 

the water, and the depth of their immersion. 
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^ T^/rictkm win depend on the smoothness and equality of the sarfiu^ of the blades, 
and their Telocity through the water. 

** Ti^ rff/ratum will be influenced by the form of the blades, and the oniformity of their 
resistance throughout their surfece." 

Of course a great deal depends on the form of the blade as to the action of the 
propeller ; the shape most universal in the Boyal Xavy at present is the ** Griffiths' " which 
has been compared with others in the preceding chapter ; the inventor's opinions are that : 
** Xature has given to swift birds and fishes tapered and pointed wings and fins, but to 
the shw birds and fishes, broad wings and fins. In proportion to the speed with which 
bodies move through fluid, will be the amount of the particles of that fluid put in motion, 
and as the points or outer edges of the propeller blades move through the water at double 
the speed of the inner part or at half of the diameter of the screw, also being nearer the 
boss, the blades consequently require to be only one quarter as wide at the points as at 
the widest part near the boss, to put a colunm of water in motion equal to the screw's 
diameter; for example, with a two-bladed screw of 17 or 18ft. in .diameter, revolving 
at 60 revolutions per minute, the points of each blade will follow each other every half 
second, and as each blade strikes the water and puts it in motion it will sustain it in that 
state or very nearly so until the next blade strikes it, hence the slight difierenoe, in 
retarding the speed of the engines, between a 2, 3, or 4-bladed screw. For when the 
screw is at work each blade strikes and drives the water back through its disc between 
the blades at a speed due to the angle or pitch of the screw, and the after-current follows 
it, which the next blade strikes, and as the screw is moving forward with the ship, the 
current that has been made to move backwards by the preceding blade strikes the leading 
edge of the blade on the forward side, which causes great wear on that part ; and it is my 
opinion that if the resistance which is thus made to the blades were lost power ^ it would 
have been fetal to the screw as a propeller ; but the power thus exerted ft'om the water 
on the forward sides of the blades is given back by acting on the inclined surface, and 
thus forces itself around the screw, so that the only loss incurred is the friction due to the 
contact. 

" In designing screw-ships the most important feature for ensuring the required 
speed is by having the after part, or run, made so as to allow time for the flow of water to 
fill up the space the ship has left, as well as to supply the screw with water; for, 
obviously, unless the screw can meet with a sufficient supply of water fttjely, a good 
result can never be obtained. It is of little consequence, however, what is behind 
the screw, or rather what becomes of that water after it has gone beyond the screw, as 
the screw has advanced from it, but undoubtedly any obstruction to the water getting 
freely to the forward side of the screw will cause a serious loss in the speed of the 
vessel." 
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A very lucid and valuable explanation of this matter has been written by Professor 
Ranldne, in the Work on Ship Building, of which he was the editor, the Professor states 
that : " The condition of a propelling instrument is materially different from that of a 
surface advancing steadily through the water. In particular, the quantity of water acted 
upon in each unit of time, such as a second, by the advancing surface, depends on, and is 
proportional to, its speed through the water; whereas a propelling instrument is 
continually laying hold of a series of new masses of water, so that the quantity of water 
on which it acts in a given interval of time depends mainly on the speed of the vessel. 

" The screw drives water astern in various directions, more or less oblique ; and the 
reaction due to the transverse component of the motion of each particle of water has no 
effect in propelling the vessel. The most important constant quantity in calculations 
respecting the action of propellers is the mdss of a cubic foot of sea-water ; being its weight 
in pounds, divided by the accelerating effect of gravity in a second. When velocities are 
expressed in feet per second, the value of that constant is almost exactly 2. When 
velocities are expressed in knots per hour^ the coefficient 5-| is to be used instead of 2 ; 
being = 2 x the square of the number of feet per second in a knot per hour. 

** The reaction of the stream of water acted upon by any propelling instrument is the 
product of three factors : the mass of a cubic foot of water ; the number of cubic feet of 
water acted on in a second ; and the velocity, in feet per second, impressed on that water 
by the propeller. 

** The number of cubic feet of water acted on in a second, is to be calculated by multi- 
plying the sectional area of the stream by its velocity relatively to the ship. This calcula* 
tion might be made either before or inmiediately after the action of the propelling 
instnmient takes place ; for the increase of velocity, relatively to the ship, which the 
propeller produces, must be exactly balanced by a diminution in the sectional area of the 
stream. It appears from the results of experiment, that the sectional area of the stream, 
immediately after the action of the propeller, is either very nearly or exactly equal to the 
area of the propeller itself, projected on a thwartship plane : that is' for a screw, the area 
of the disc, less that of the boss. The velocity of the stream, relatively to the ship, is the 
sum of twa quantities — ^the velocity of the ship, and the velocity, relatively to still water, 
of the stream driven back by the propeller ; in other words, the apparent slip of that 
stream. 

" The remaining factor of the reaction of the water — ^the velocity impressed on it by 
the propelling instrument — ^when the propeller acts upon water that was previously still, 
is simply the slip of the stream driven bacJc^ just mentioned. 

** K the water acted upon by the propeller has previously received any sensible 
velocity, either forward or backward, through the action of the ship upon it, such forward 
or backward velocity is to be combined with the apparent slip of the stream, in order to 
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jB^ive what may be called its real slip ; and that real sKp is the true value of the velocity 
impressed on the water by the propeller. This requires special attention in the case of 
screws, which almost always work in water that is following the vessel. 

" Another circumstance also requires attention, when the propeller lays hold of water 
that is already in motion through the action of the vessel, viz., that the change of 
pressure produced in the water by the action of the propeller on it is transmitted to some 
part of the ship's bottom, and thus the resistance of the ship is altered. The alteration of 
resistance so produced constitutes a difference between the total thrust and the effective 
thrust of the propeller." 

Our opinion of the " action of the screw-propeller" is that the action is constantly 
changing in proportion to the speed of the hull and velocity of the screw's revolution. For 
instance, when the screw is churning the water at any part of the length of the blade, 
that disturbance must affect the volume above and below it ; and when the velocity is 
increased or decreased, the position of the churning is raised and lowered accordingly. It 
will be understood from this conclusion that the churning of the water by the screw is 
constant either of more or less disadvantage to the working of the engines and speed of 
the hull accordingly as the chum-position is changed. The next point, therefore, to be 
settled is where is the worst position for the churning to occur, for the best position will 
be against the propulsion ; and in knowing the worst we shall more readily arrive at the 
means of eluding it altogether, which, of course, is the aim of all those interested in the 
screw-propulsion of steam ships. 

The propelling surfaces of the blade of any screw-propeller are at two parts of the 
blade, fore and aft, and the duties of these parts are entirely in opposite directions. 

The forward part is the leading corner of the blade ; as that is the advancing surface 
and is the first portion that separates the water as it advances through the volume. Now 
the duty of this part of the blade is to glide around the water that surrounds the metal 
forming the boss — we use the term " glide around" as it best expresses what the duty 
should be — and not disturb it or the surrounding water outside the outer extremity of 
the blade ; but if the form of the leading comer is not in accordance with the velocity 
and advance speed then the water will be " chumed^^ forward. The forward churning, it 
must be noticed, is a resistance also ; and if the blades meet with a resistance as they 
advance, until that is overcome the speed is nil ; this incurs also what is termed propulsive 
friction, which is apart from " hull " or " skin" friction. The propulsive friction is then 
the result of permitting the leading comer of the blade to beat about, and bruise the 
water it should not disturb ; and the permitting emanates from an inferior knowledge of 
the principles by the designer of the blade. 

We stated previously that the position of the churning is changeable, but the fact 
was constant. Now as the " worst part" of the blade for churning is the leading comer. 
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because any disturbance that is caused there is carried away directly by the surrounding 
currents beyond, we naturally adyocate that the shape of the blade should tend to chum 
the water the least, if at all, at the leading comer only ; because if there is any churning 
near the boss or between it and the tip of the blade, the propeller is meeting with 
disturbed currents formed by its motion, which at once destroy any calculations relating to 
the currents formed by the ship as she advances ; for the propeller should work as much 
as possible in solid water, and if by its action it breaks the water in front of it, the 
resistance in front must be deducted from the resistant effect behind, which latter medium 
propels the ship as the aft part of the blade acts against it. Now it must be distinctly 
understood that the action of the aft surface of the blade when turning around is to press 
against the water it is in contact with. And if that water gives way, or is impelled back- 
wards by the blade, the result is a loss of resistance, which effect is the cause of ** positive 
slip" of the screw-propeller imder all circumstances ; inasmuch that if the screw worked 
in a solid there would be no slip, but as it works in a liquid^ and that Uquid is movable, 
the backward motion of the water reduces its resistant effect proportionately to the speed 
of the motion. Prom those conclusions is given the following axiom : the power requisite 
to push or throw any volume at a certain speed and distance is potver expended toithout 
recovery. The principle of this axiom is constant, and refers to whatever the propeller 
performs, but most particular to the propulsion of the ship forward, and the impelling or 
throwing the water backward, which are two operations at the same time in opposite 
directions. It is equally obvious that the power expended to throw the water back must 
be deducted from the propulsive effect of the screw ; for example : suppose a ship is at her 
moorings or in dock, and the propeller is set in motion for ahead, the water will be driven 
back furiously and the mooring chains become taut ; but if the ship were released from 
her moorings then the power would be reversed in its direction of expenditure and what 
was impeUing the water backwards would then impel the ship forwards, and thus the 
water would become the resistant instead of the ship. We have therefore in the matter 
of screw-propulsion two resistants, being the water and the ship, and either the one or 
the other must be the stronger ; of course the ship is the latter when she is at her moor- 
ings ; and the reverse of course takes place when she is in motion, therefore the faster 
she goes the greater is the resistant effect of the water behind the propeller in proportion 
to that in front of the hull. 

We must notice next another feature in this case ; it is that the blades of the screw 
do not press only against the water, but they unfortunately lift some of it also, and although 
the total power is considered a single quantity, it is nevertheless divided into three 
quantities or portions. Thus, first, power to push the ship forward ; second, power to 
push the water back ; and thirdly, power to lift the water. Now the power to push the 
ship forward is what is left aft;er the other two powers are in operation, and the pro- 
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pulsive effect of the screw can only be termed a portion of the power required to move ifc 
at the velocity attained. 

The liftdng of the water is the greater evil of the two, and to arrive at an estimate of 
the amount of power it absorbs is to consider the cause for the lifting first, and then the 
result of its occurrence. 

The cause for the water being lifted by the blades of the screw-propeller during its 
revolution is, that the angle of the blade is too acute in proportion to the velocity and 
advance speed of the hull, and thus the edges of the blade carry up, if not around, a 
certain quantity of the water that is within the " race" of the propeller. 

The area of the race is equal to that of the diameter of the screw, but the race is 
better expressed as the area of the direct action of the propeller than by any other 
literal method of description. 

The loss of power that results from the lifting of the water may be taken at about 10 
to 20 per cent., the former being, of course, a rare attainment, while the latter is too 
general by far. 

The cause for the water being thrown back, or impelled behind, is that the water in 
fi*ont of the blade is greatly disturbed by it, and as that water is the resisting quantity 
against which the next blade acts ; it does not constitute solid water, but rather a series of 
eddies or broken currents finding their way to the aft side of the blade, and that surfieu^ 
drives them into their normal condition. Another cause is that the angle and shape of the 
blade not only disturbs the forward water, but carries on that operation behind too, when 
the forward becomes the aft water ; for it must be remembered that the aft resistant was 
the forward at one time, and thus how the action of the forward edge of the blade greatly 
improves or deteriorates the effect of the aft surface. 

The portion of the aft surface of the blade that propels the ship is the portion that 
presses mostly against the water; with blades that are widest at the tip, as Pig. 68, 
in page 214, one-third of the length from the tip is the main propelling surfoce ; but with 
blades shaped as Fig. 71, in the same page, and Pig. 79, in page 217, it is at the centre of 
the blade for about one-third of its length ; these proportions are evidences from actual 
practice and are there non-contradictory. 

According to Mr. Rigg, " The screw does not in its progress through the water bear 
the most distant resemblance to any action that might occur in a solid. Quite the contrary; 
for the particles of water can be driven in any direction, and their inertia forms the only 
obstacle to movement. The propeller is really an oblique paddle, and drives currents 
backwards nearly perpendicularly to the sur&ce of the blade at whatever angle or pitdi 
it may be fixed. Its action is exactly the same as that by which a fish swims, namely, by 
the flexure of its body ; and the idea that water yields easily to the progress of a ship and 
becomes a solid resistance to the screw is so completely at varianoawith all reason^ and 
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80 incapable of explaining observed phenomena, that it cannot be seriouslj maintained 
even when examined in the most cursory manner. 

" Whatever maybe the * pitch' of a screw, the amount of movement of any portion of 
its blades will really be measured by the circumference of that part : for instance, the 
extremity of the blade of a screw 15 ft, 6 in. diameter, will travel 48 ft. 8^ in. in a 
direction at right angles to the progress of the ship. Now, so far as its propelling power 
is concerned, or in whatever way this movement can be viewed, it is really equivalent to 
moving a blade in a straight line across the ship's course ; thus, if the ship be moving 
from south to north, the extremity of its screw-blade moves a distance of 48 ft. 8 J in. from 
east to west in every revolution. It is true that this is a circular motion, but a rectilinear 
direction is exactly analogous to it in all its relations as a propeller." 

Sup op the Sobbw-pbopbllbb. — ^Mr. Rennie explains its cause as follows : — 

** The true slip of a screw-propeller may be represented by the velocity of the current 
of water pushed back by the screw-blades ; when the propeller is close to the stem of the 
ship, it partly arrests the flow of the water which follows the ship and thus lessens the 
hydrostatic pressure which urges the ship forwards ; generally the area of the current 
caused by the ship exceeds the area of the current forced back in an opposite direction by 
the screw; and the alteration in the resistance so produced constitutes a difference 
between the total thrust and the effective thrust, this difference, or loss of thrust, being 
proportional to the difference between the reai and apparent slip. 

" It win be observed from this, that a screw working in the onward current may 
indicate a result such, that when this current exceeds in velocity that of the opposite 
current caused by the screw, there will be an apparent negative slip ; or, in other words, 
the ship will appear to go faster through the water than the revolutions of the screw 
multipUed by the pitch, indicate. 

" The current caused by the onward motion of the ship has a velocity at the stem 
equal to that of the ship itself, and diminishes in proportion to the extent of the area of 
water forming the current, so that the greater the distance the particles of water are from 
the ship, the less is their velocity. From this it is evident that a screw, which works 
close to the stem, is more affected by the current than one working some Uttle distance 
from it, and will show a greater apparent slip, as its distance from the stem increases, imtil 
the apparent slip becomes equal to the real slip. 

** AU screws have a real positive slip, but the coarser the pitch the greater is the shp. 
With screws of a coarse pitch, the following current usually reduces only the amoimt of 
apparent positive slip; but with fine pitched screws, where the real positive slip is small, then 
a negative slip will sometimes be apparent ; when either of these occur, it may be safely 
inferred that the screw is not in its most advantageous place." 

Mr. GriflBths says, that the " slip, in the case of a screw, is virtually the action of a 
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fan, which drives through its disc a column of water equal to its diameter, and at a speed 
due to the pitch or angle of the blades with the screw-shaft ; and, whether the ship is at 
her moorings or imder way, the thrust on the screw-shaft equals the resistance of the 
column of water that is driven through the screw, as it were, and coimterbalances the 
power exerted by the engines — ^minus firiction — so that the resistance thus obtained by 
forcing the water backwards is also equal to the force or thrust that is transmitted to the 
screw-shaft for propelling the ship. The water in which the screw works is an eddy that 
follows the ship at the same speed, or nearly so, varied by the proportion existmg 
between the form and length of the run and the speed at which the ship is driven 
through the water; and therefore if a patent log were placed in the screw opening, 
when the ship is propelled by canvas only, it would not even approximately indicate the 
speed of the ship." 

Professor Bankine states, in his work, where treating on the " slip" : 

" It appears that the eflfect is always to produce a waste of power ^ when the propeller 
works in water that has been previously set in motion by the vessel ; in other words, when 
there is a difference between real and apparent slip. 

** With regard to the ejfficiency of propellers, or the ratio borne by the useful work 
done in driving the vessel, to the whole work done in moving the propeller, the following 
results (when firiction is left out of account) are applicable to all kinds of propelling 
instruments : 

*• When the propeller works in previously still water, there is a loss of work simply 
proportional to the sUp of the propeller ; so that the efficiency is represented by — 

Slip of propeller 

Speed of propeller* 
In the case of screws or other obliquely acting surfaces, the loss stated above compre- 
hends the effects of rotatory or transverse, as well as of backward slip of the water. 

" When the propeller works in water previously set in motion by the ship, there is, 
in the first place, a loss of work proportional to the real slip of the propeller relatively to 
that moving water, and then a further loss of work proportional to the square of Ae 
previous velocity of the waier.^^ 

Our explanation of " slip" is expressed in page 241 of this work. 

We must notice next another class of " slip," termed " negative" slip of the screw 
and positive slip of the ship, which is really that the ship moves faster than the propeller 
can push her forward. 

As we have illustrated three examples of four-bladed propellers that have indicated 
apparent negative slip in their working in this book, we have introduced a portion of a 
paper by E. J. Reed, Esq., C.B., " On some recent Cases of Negative Slip in Screw-pro- 
pellers," which that gentleman read at the Institution of Naval Architects, in March, 1866 : 
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^ During the last year or two a novel form of screw, having four blades, each formed 
with two distinct pitches, has been introduced, having previously been used with satis- 
faction, I believe, in the French Navy. On the 28th of April, 1864, a screw of this 
description, 24 ft. 6 in. in diameter was tried in the Achilles^ set at a mean pitch of 
29 ft. 7 in., the forward half of the blade having a pitch of 27 ft. 11 in., and the following 
half a pitch of 31 ft. 3 in. The revolutions at fiill power were 46'667, and at half power 
37*5, giving a mean speed of screw of 13*624 knots in the former case, and of 10*947 knots 
in the latter, the corresponding speeds of the ship being 14*358 knots and 11*879 knots. 
In other words, at ftill power, the ship's speed exceeded that of the screw by about f ths 
of a knot, and at half power by nearly a knot. In December of the same year, and 
again in March of the following year, further trials of the same screw set at different 
pitches were made and gave similar results. The following is a summary of them : 
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'* Now, it may ocour to some gentlemen to say that they are not surprised to find 
that the speed of the ship exceeds the rate of advance of the leading half of the screw, 
or even of the mean rate of advance of the two halves taken together, as it may well be 
that the following half of the blade, which is the portion that determines the velocity 
with which the water is actually driven off from the screw, is that which really should 
be considered as determining the rate of the screw's advance. But it is to be observed 
that the admission of this assumption does not remove any difficulty that may exist in 
accounting for the excess of the ship's speed above the rate of the screw's advance ; because, 
if you will kindly examine the figures, you wiU observe that in the fifth trial the speed 
of the ship and of the following half of the screw are precisely alike (to the second place 
of decimals), while in the second, fourth, sixth, and seventh trials, the speed of the ship 
actually exceeda that of the following half of the blade. Neither half of the screw comes 
up to the ship in speed. 

** A similar screw was fitted to the Minotaur, and on trying her, in September of last 
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year, we found that, with a rate of screw of 14^ knots, we had a speed of ship of 
14| knots, the diameter of the screw being 24 ft., the mean pitch 25 ft. 2 in., and the 
revolutions 57^. A few days later, in the same month, the BeUeraphon was taken to the 
I^ore for a preliminary trial of her engines, and gaye, with a similar screw, 23 ft. 6 in. in 
diameter, a stiU more extraordinary result ; for, with 57'83 reyolutions, and a mean pitch 
of 21 ft. 8i in., giving a speed of screw of 12-387 knots only, the ship advanced at the 
speed of 13*645 knots, thus over-running the screw, so to speak, to the extent of 1^ knots 
per hour. In the following month, the Agincourt was tried with a double-pitched four- 
bladed screw, of 24 ft. 6 in. in diameter, set to a pitch of 24 ft. This screw was driven at 
the rate of 55 J revolutions per minute, giving a rate of advance of 13*161 knots per hour, 
the ship's speed being 13*879 knots, or nearly f ths of a knot in excess. The same ship 
was tried again in December, with the same screw set to a slightly reduced pitch, vis., 
23 ft. 4 in., which, with 61^ revolutions, gave a rate of advance of 14*161 knots, the ship's 
speed being 15*433 knots, thus exceeding the speed of the screw to the same extent as 
the Bellerophonj viz., \\ knots. In November, 1855, the Lord Clyde was tried, with a 
like form of screw, 23 ft. in diameter, set to a pitch of 22 ft. 6 in. She made 56| 
revolutions, giving an advance of screw of 12*513 knots, and a speed of ship of 13*534 
knots — a difference of a little more than a knot. The same ship was tried again last month, 
with the pitch reduced to 21 ft., the engines making 58 revolutions, giving a speed of 
screw of 12*020 knots, and a speed of ship of 13*312 knots, the difference being in this 
case more than 1^ knots. 

" I now come to the case of the Amazon^ a wooden sloop of about 1000 tons, which 
was also fitted with a similar screw in the first instance, and with which some curious and 
interesting results were obtained. Her four-bladed screw was of 15 ft. diameter, and set, 
in the first instance, to a mean pitch of 15 ft. ^V ^- ! ^^d> ^ order that you may fiiBy 
/comprehend the manner in which the measurements were taken, I have prepared a 
diagram (Fig. 102) upon which they are fiilly set forth. They are taken, you will observe, 
at three points on each half blade, the mean of the three measurements being the first 
mean. A mean of these means is then taken for the two halves of each separate blade, 
and thus a mean pitch for each blade is obtained. The mean of all these pitches for the 
four blades is lastly taken, and this is what is meant by the mean pitch of the 
entire screw. 

" On the first trial, the Amazons engines made 75 revolutions per minute, giving a 
speed of screw of 11*133 knots, and a speed of ship of 11*494 knots. The pitch of the 
screw was then reduced to 12 ft. 6 in., and the vessel again tried, the revolutions rising to 
86^, giving a speed of screw of 10*65 knots, and a speed of ship of 12*079 knots, ot 
a negative slip, so called, of very nearly a knot and a half. If you compare this with the 
former trial, you will find this very remarkable result, viz., that although the speed of the 
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screw decreased nearly half a knot, that of the ship increased by fully that amount I As 
the speed of both screw and ship were still unsatisfactory, a two-bladed Griffiths's scriew 
was fitted, and set to a pitch of 15 ft., being also of that diameter. With this screw the 
revolutions rose to 88i, and the speed of the ship to 12-171, that of the screw being 
13-125, thus giving nearly a knot of positive slip. As the engines were, however, 
still below their designed number of revolutions, the pitch of the new screw was reduced to 
13'9-Jy (the pitch measurements being shown on the second diagram, Fig. 103), at which 

HCAN OF BLADE t3 M 





The Bo68 of the Four-bladed Screw- 
End Elevation of the Screw-propeUer fitted to Her Majesty's propeller, fitted with two '' Orif- 

8orew*8hip Amawanj caosing Negstive Slip. fiths* *' Blades and two Blank- 

ly. 102. flanges, fitted to Her Majesty's 

Screw-ship iiMa/an, causing Po- 
sitiTe Slip. 

Pig, 108. 

pitch the revolutions were 94^^, the speed of the screw 12*804, and that of the ship 12'396, 
the slip still remaining positiye, but not amounting to half a knot. 

^ The question now arises — In what manner are we to accoimt for the many examples 
of apparent negatiye sUp with screw steamers, that I have detailed to you P and I am 
afraid I shall not succeed in furnishing you with any very satisfactory answer. Let us 
first see what is meant by slip. Let us suppose that a screw-ship is dragged through the 
water by some wholly external force ; it is obvious that if the screw is held at rest 
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relatively to the sliip, or, in other words, is not allowed to turn round, the water will 
press upon the fore side of the screw-blades as the ship advances with a pressure due to 
her speed. If, while the ship continues to move, the screw is now turned slowly ahead, 
the pressure on its fore side will be diminished proportionately : and, according to tlie 
popular view, we may say, that by increasing the revolutions of the screw, you may go 
on diminishing the pressure until it is got rid of altogether, and that this will be the case 
when the speed of the screw in advance is equal to the speed of the ship. There will 
then be no pressure whatever on either side of the screw, supposing the water to remain 
at rest. If we now desire to abandon the external force, and propel the ship at a uniform 
speed by means of the screw, the screw must obviously be driven faster, and thus press 
upon the water behind it, until the momentum which it impresses upon the water which it 
drives astern is equal to the whole momentum which the ship impresses upon the water in 
the forward direction. It was this extra speed of the screw in the backward direction 
that is known as slip^ or, in other words, the difference between the ship's speed forward 
and the screw's speed backward. 

" We may divide the momentum impressed by the moving vessel upon the water 
round her into two parts : first, the momentum generated in the water which she drives 
before her ; and, second, the momentum generated in the water which follows her. The 
whole resistance of the ship's motion is the sum of these two. Now, if we suppose the 
screw to work in the following stream, it can only act on part of that stream, and can 
only destroy part of its velocity. The momentum commimicated to the water whidi 
follows the ship must, therefore, be less than the forward momentum which the water 
would have constantly communicated to it if the ship were propelled by sails. But the 
resistance of the ship is measured by the whole momentum which is being continually 
supplied to the following stream, added to the momentum generated at the bows ; the 
reaction on the screw, therefore, when the sUp is negative, supposing it to act in partly 
stopping the water which is following the ship, must, of necessity, be less than the 
resistance opposed to the vessel's motion. 

" Or, view the question dynamically. Suppose the ship goes V knots, and is of such 
a form that, if she were propelled by sails at that rate, a stream of water would follow in 
her wake with a resultant forward velocity of v knots. Imagine a screw to work in this 
stream, going at the rate of u knots with regard to the ship ; what would be the dynamical 
result ? This : that all the water affected by the motion of the ship would have a forward 
momentum even after the action of the screw had taken place. The unbalanced resistance 
acting to retard the motion of the ship would consist of — 

1. The momentum impressed upon the water at the bows ; 

2. The momentum of the stern stream at v knots ; 

3. The momentum of the remainder of stem stream at (V — u) knots. 
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And we have reaUy nothing whatever to put upon the opposite side of the account, as the 
cause or equivalent of these 1 

" My impression is, after giving much consideration to the subject, that the cause of 
negative slip must be further sought in quite another direction, and that it is really to be 
found in the elasticity of the fluid. All former disquisitions upon this subject have 
proceeded upon the assumption that the water is practically inelastic, and that the motion 
imparted to the water against which the screw-propeller strikes is equal, and only equal, 
in velocity to the velocity of the screw ; whereas a little reflection will sufl&ce to show 
that this can scarcely be the case, and that, on the contrary, it is most probable that the 
water struck by a high-speed screw is driven off at a much greater velocity than that of 
the screw, and that the momentum imparted to it is proportionate to this velocity/* 

Our opinions as to the cause for negative sUp of the screw-propeller are based on the 
fact that if the ship moves faster than the propeller advances, as per pitch x revolutions, 
there is an exchange of power, or that the ship drags the propeller that should push her 
along. Now the main feature here, then, is, what causes the hull to drag the screw, 
when that instrument is doing aU possible to push the hull at the same time ? The best 
answer that we can give is that it is the blades that drive the water forward against the 
aft quarters of the hull, and therefore a forward current is caused that follows the hull, 
and that when the aft surfaces of the blades meet this current, a greater resistance 
occurs than when the screw works in " solid" or still water. This is more certain than 
otherwise from the fact that screw-propellers of a certain (orm and proportion always produce 
negative sUp ; for were not that the case the phenomenon would be varied in its existence, 
whereas now it is constant to one given cause. There is no great mystery, either, in 
the cause, when it is considered that the forward motion of the current must be a far 
better resistant than solid or still water, because momentum is in action, and therefore 
the aft surface of the blade is acting against a volume that is moving forward instead of a 
solid or even a receding resistant. Another feet is that as the water in front of the screw 
is impelled so as to strike the hull, a certain power in the screw is taken up by that 
operation, and thus its speed is proportionately reduced by the friction incurred, 
but happily the power thus expended is not entirely wasted, as it is when the impelling 
of the water occurs behind the blade ; for it must be borne in mind that any movement 
of the water caused by the screw is power expended, and if that water does not strike 
the hull, the power is entirely lost in the surrounding current. 

The cause for negative slip, therefore, can be summed up in a few words in this way : 
the power expended to cause the water to impinge on the aft quarters of the hull is not 
lost, and the force of the momentum of that water can be added to the forcing properties 
of the screw, and the quantity added will be the sum of the difference between the 
resistant effect behind, and the impinging effect on the hull forward of the blade. 

2k 
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We have next to explain how to determine this quantity ; this can only be done after 
its occurrence in this manner : Suppose a ship moved 15 knots per hour, but the screw 
only worked up to 1475 knots in calculation, there would be a loss of '25 of a knot in theory 
which practice contradicted ; and as practice in this case is only power expended, we 
have no hesitation in stating that the screw gave out the same power as the hull 
performed, in the way of expending the power fore and aft of the blades. Now, if the 
screw does not lose any power — ^fiiction excepted — ^by causing negative slip, it may be 
questioned why the operation is not always admitted ; the answer is that the " firiction'* 
is the barrier to its universal adoption — ^a matter that we shall now explain. 

Fbiotional Eesistanoe. — This is a subject which refers to the amount of power that is 
absorbed by the water in contact with the propeller and the hull, when both are in motion 
at a certain speed. 

Taking into consideration the propeller first, we must explain how the friction is 
incurred by its action. The incurrence is produced by the propeller acting against the 
water, and by the water acting against it. Npw, this of course is of a twofold character, 
and may be said to be the maximum limit of the incurrence of friction, while the minimuTn 
is when the propeller is the sole agent. 

The greatest amount of friction is produced when the propeller is causing " negative 
slip,** and the result of this emanates from the propeller impelling the water forward — 
which is propeller friction only — and then impelling the same volume backwards, which is 
a combination of water and propeller friction together. It is, indeed, but a matter of how 
much power is expended in throwing the volume of water forward, to begin with, and 
then how much of that power is carried away by the ship, as the remainder is the amount 
left in the water, which becomes the resistant plus the gravity, and therefore an excess 
of friction is produced over that with the ordinary circimistance of propulsion. Now, the 
circumstance referred to is when the propeller causes " positive slip,** as then the propellOT 
pushes and beats about the water, which, when thus served, does not react against the blade, 
because the propeller blades have time to advance from that volume, and thus act in a 
new current. It is, then, evident from these conclusions that with high speed and high 
proportion of positive slip the friction involved is the least, but with slow ispeed and 
negative slip the friction is the greatest. That is to say, that, with the same engines and 
pressure of steam, any difference of the velocity of the propeller must be due to the 
friction incurred by it — that due to the engines being excepted — ^and that the quicker the 
propeller revolves the less the friction will be proportionately. It is therefore better to 
drive a screw at a high velocity with a little positive slip than otherwise, because momentum 
is lending its power to that of the steam ; whereas when the propeller is working heavily 
or " grinding ** the water, as it may be termed, the centriftigal action is nil ; and thus 
what might be used an an assistant, is converted into a " drag ** on the motive power. 
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The power absorbed bj the water surrounding the screw will depend also greatly on 
the depth of the immersion of the screw, or its position in relation to the aft quarters of 
the hull, as in the case of twin-screws ; or when the propeller overhangs the rudder ; so 
that in some cases when the screw is low in the water and moves slowly, or is free from 
the hull currents, the ship is being propelled faster than when the screw is higher, while 
the indicated power is reduced, because the speed of the engines is slackened by the 
screw working harder in the water, but yet doing more duty than before. 

Having in the preceding remarks fiilly investigated the friction of the screw- 
propeller and the principles on which it is based, we consider next the friction of ships, 
as the propeller has everything to do with that function. We have, in treating this 
subject, held the same views as generally acknowledged in the profession by the autho- 
rities, among whom may be mentioned Professor Eankine, but where we have differed the 
cause has been explained. 

The skin friction or resistance the hull meets with is a resistant that is formed of 
three bodies of water, all of which are in operation at the same time ; the first is forward 
water, extending from the bow to the widest part of the hull, and is a direct resistant or 
impinging ; the second is the sliding water which is on each of the parallel sides of the 
hull; and the third is the water that is the compound of the two former, termed the aft 
water, in which the propeller works. 

According to the general practice in the present day, it is considered that the 
resistance of the water against the ship can be computed thus when the surface is clean : 
Smooth wood, friction in water = 1 lb. per square foot. 
Iron painted „ „ = 1*4 lb. „ „ 

Clean copper „ „ = 'Tib. „ „ 

when the ship is moving at the rate of 10 knots per hour. The skin friction increases 
when the surface is foul from 1*5 to 2 of that when it is clean. 

The resistance is increased also as the square of the increase of the speed ; for ex- 
ample, suppose the resistance to be 2*1 lb. per square foot at a speed of 10 knots per hour, 
it will be increased to 4*2 lb. per foot with a speed of 14 knots per hour. 

The Ebsistancb the Hull meets with dub to the Action op Waves. — The motion of 
the ship as she advances produces waves. At the surface of the water the pressure then 
may be said to be constant, but below this the increase or decrease is according to the 
height and depth of the wave. Then as to the effect by speed : when the velocity of the 
water past the vessel is minimum a wave crest is caused, but when it is maximum a wave 
trough is produced. 

Every ship, according to her form, impresses some motion in the direction of her 
advance on the particles of water at and near her bow ; while the particles amidships move 
to a greater or less degree backwards ; so that if we consider the ship as fixed the flow 

2k2 



Digitized by 



Google 



252 MODERN SCREW-PROPULSION. 

of the water is retarded at the bow and stem and accelerated amidships. The retardation 
at the stem is somewhat greater than at the bow, because the particles of the water at 
the stem undergo the action of adhesion ; it is evident, therefore, that every ship is 
necessarily accompanied by two wave crests and an intervening trough^ more often known as 
a leading wave, and a following wave^ the latter being termed the " wake." 

The Eesistance the Ship meets with, due to Distubbed Water subeounding heb in the 
FORM OP Eddies. — This is a compound of minute currents and whirlpools, said to be 
between the ship and the currents outside. The velocity of the formation of these eddies 
against any portion of the hull is proportionate to the speed of the ship and her form ; 
the height of the eddies at the sides of the hull are also due to the same causes. The 
resistance to the motion of the ship due to the production of these frictional eddies by a 
certain portion of the hull is known as follows : The area of the surface immersed must 
first be known ; and next the coefiBcient of resistance, which multiplied together = the 
augmented surface, or the resistance of the hull, including her weight and dimensions. 

At 10 knots per hour for the speed of the ship the eddy resistance is one pound 
avoirdupois per square foot of augmented surface, and varies for other speeds as the 
square of the speed. 

Another Rule for the probable resistance of ships is to multiply the augmented surface 
by the square of the speed in knots, and divide by 100 for clean vessels. 

The coefficients of augmentation vary in proportion to the shape and firictional 
condition of the immersed portion of the hull ; but, taken broadly, they range from 1*100 
to 1'356, the least being for clean copper and fine Unes, and the greatest for bluff hulls 
and foul surfaces. 

The Engine Power required for a given Speed op the Hull. — In computing the 
probable engine power required at a given speed for the hull, allowance must be made 
for the power wasted through sUp, through wasteful resistance of the propeller, and 
through friction of the engine. The proportion, borne by that wasted power to the 
effective or net power employed in driving the vessel, of course varies considerably in 
different ships, propellers, and engines ; but in several good examples it has been foimd to 
vary little from 0*63; so that as a probable value of the indicated power required in a 
well-designed vessel we may take — ^net power x 1-63. 

Now, an indicated horse-power is 550 foot-poimds per second, and a knot is 1*688 ft. 

550 
per second ; therefore an indicated horse power is Tigoo = 326 knot-pounds, nearly, or 

326 lb. of gross resistance overcome through one nautical mile or knot in an hour. If 

we estimate, then, the net or useful work done in propelling the vessel as equal to the 

326 
total work of the steam divided by 1*63, we shall have ^-^=200 knot-pounds of net work 

done in propulsion for each indicated horse power. Hence the following — 
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Bulb. — Multiply the augmented surface of the huU in square feet by the cube of the speed in 
knotSy and divide by 20,000, the quotient uriU be the probable indicated horse power. 

The divisor in this rule, 20,000, expresses the number of square feet of augmented 
surface which can be driven at one knot by one indicated horse power ; it may be caUed 
the coefficient of propulsion. With a short after-body for the hull, the coeflScient of the 
ftiction may be about 16,000, but when the after-body is the proper length, but fore-body 
too short, it is about 19,000. 

Eule for the probable speed of the hull of a known ship. — Multiply the indicated horse 
power by the coefficient of propulsion — say for clean ship 20,000 — divide by the augmented surface^ 
and extract the cube root of the quotient^ which is the probable speed required. 

A Calculation op thk Probable Speed op Her Majesty's Ship "Warrior," 



Displacement on Trial 


Draught of Water . . 


Water-linet. 


Sine of 
ObUquity. 


L.W.L . . 


. -870 . 


2W.L . . 


. -315 . 


3W.L . . 


. -290 . 


4W.L . . 


. -265 . 


5W.L . . 


. -235 . 


CW.L . . 


. -165 . 


Keel 


. 000 . 



(Forward 

tAft. . . 
Square 



of Sine. 
•1369 
•0992 
•0841 
•0702 
•0552 
•0272 
•0000 



8997 tons. 

25-83 feet. 

26-75 „ 

4th power 
of Sine. 
•01874 
•00984 
•00707 
•00492 
•00304 
•00074 
•00000 



Means -0674 . . . -00583 

1 -h (4 X 0674) -f -00588 = 1 -275, Coefficient of Aug. 
mentation. 



Half-girths 
from Bckly-pUii 
Feet 
210 
27-2 
80-8 
34-6 
38-8 
415 
42-6 
440 
440 
440 
433 
421 



Simpeoo*s 
Multipliers. 

1 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 



Carried Forward 



Products. 

210 
108-8 

61-6 
138-4 

77^6 
166-0 

852 
176-0 

88-0 
1760 

86^6 
168-4 

13536 



Half -girths 

fh>m Bodj-plan. 

Feet 



403 
88-1 
860 
350 
820 



Simpson's 
Multipliers. 



2 
4 
2 
4 
1 



Divide by 

Divide by \ nomber of Intervals 

Mean Immersed Girth (saj) 
X Length 



Product 

X Coefficient of Augmentation 

Augmented Surface .... 



Indicated Horse-power on Trial 
X Coefficient of Propulsion . 



Products. 

13586 

80-6 
1524 

720 
1400 

320 

3)1880-6 Sum. 

8) 610-2 

76-3 
380 

28994 
1-275 

86979 Square feet 



5471 
20000 



Divide by Aug. Surface 86979)109,420,000 Product. 
Cube of Probable Speed . . . 



Probable Speed, computed 
Actual Speed, on Trial 

Difference . 



2959 

14356 Knots. 
14-354 



-002 



This calculation is practically condensed into this : 

Area of surface immersed 28,994 square feet. 

CoeflBcient of augmentation . . . • =1'275. 
Then 28,994 x 1-275 = 36979 square feet of augmented surface. 

The indicated horse power on trial was 5471, which, multiplied by the coefficient of 
propulsion, 20,000 = 109,420,000 -^ 36979 = 2959 : then, as the cube root of 2959 = 14356 
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that was the calculated speed in knots per hour ; and the actual speed at trial was 14*354 
knots per hour, being a difference of '002 of a knot only. 

Another method in this case is to compute the proper least length of after-body for 
the intended speed — that is, take three-eighths of the square of the speed in knots for (he 
length in feet : next — 

Divide the actual length of after-body by the proper length ; if the actual after-body 
is too short, the quotient will be a fraction less than 1 ; subtract the squmre of that 
fraction from 1, and extract the square root of the remainder : after that — 

Multiply that square root by the mean of the squares of the sines of the obliquities 
of the water-lines of the after-body to a fore-and-aft line, by the area of immersed mid- 
ship section in square feet, and by the constant 566 ; the product will be the additional 
axigmented surface^ to which the deficiency of the length of the after-body is equivalent ; 
two modem examples are here given. 



Example I. — ^Merchant Steamer. 



^ {.-?;}=«. 



004 



Intended speed, about 15 knots. 
Proper length of after-body, 15* X |=84 ft., nearly. 
Actual length _ 60__ 5 . ^j^^j 
Proper length ~ 84 "■ 7 ' 
nearly. 
Mean of squares of sines of obli- 
quities of water-lines of after- 

body 

Immersed midship section, 61 
square feet ; 0*7 X 0-04 x 61 X 
566=: 967 square feet, being 
the additional augmented sur- 
face equiyalent to the defi- 
ciency of length of the after- 
body. 
Actual augmented surface . . 
Add for short after-body . . . 

Total . . . 
This might be called the corrected 

augmented wrface. 
Computation of probable speed with 
the actual indicated power of . 
Multiply by the ordinary coeffi- 
cient of propulsion .... 



2982 square feet 
8949 



655*5 horses. 
20,000 



Divide by corrected augmented 
surface .... 3949 ) 13,1 10,000 prcniuct 



Cube of probable speed 

Probable speed, by calculation 
Actual speed, by trial . . . 



3320 

14*918 knots. 
15*065 „ 



Difference 0*147 knot; 

or about 1 per cent. ; and the error is on the safe side. 



Example IL — ^Merchant Steamer. 

Intended speed, about I7i knots. 

Proper length of after-body, (17i)* x | = 1 15 ft, i 

0*79, nearly. 

Mean of squares of sines of obli- 
quities of water-lines of after- 
body 

Immersed midship section, 70 
square feet, nearly ; 0*79 x 
0036 X 70 X 566=1127 square 
feet nearly; additional aug- 
mented surface. 

Actual augmented surface . . 

Add for short after-body • . . 



0-036 neariy. 



3965 square feet 
1127 „ 



Corrected augmented surface . 5092 
Computation of probable speed, with 
the actual indicated power of . 1316 
Multiply by the ordinary coeffi- 
cient of propulsion .... 20,000 



Divide by corrected augmented 
surface .... 5092 (26,320,000 {ffodoct 



Cube of probable speed . 



5169 



Probable speed, by calculation • 17*29 knots. 
Actual speed, by trial .... 17*43 ^ 

Difference 0*14 knot; 

being about 0*8 per cent, and on the safe tide. 
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The Qbometbt op the Pbinoiplbs op Sobbw-peopulsion, by N. P. Buegh, Plate 41. — 
The utility of this Plate is to demonstrate by iUustration the principles of screw-propulsion 
which have been explained in this work, and to point out a few novel features that have 
not been alluded to ; it will serve also as a guide for committing to memory the facts that 
are ever coincident with screw-propulsion, for practical purposes. 

Angles op the Blades. — ^Messrs. Maudslay, in their article at page 162 state that 
'*the probable action of the blades in the water when they are set at an angle 
unsuitable for the highest propulsion of the hull to which they are fitted is that on 
starting, they will strike the water sideways, or laterally disturb it, and thus disturb the 
afb volume also ; and this side-striking will continue with a reducing effect until the speed 
of the hull agrees with the velocity of the propeller ; when the blades will cut the forward 
current tvithotit disturbing either the side or aft currents. Obviously then if the angles of 
the blades are not in accordance with the velocity requisite for them to propel the hull at 
the highest speed with the least power, a great deal of the power is absorbed by the 

* side striking ' being continued even when the blades are revolving at the maximum 
velocity proportionate to the force employed. It may occur also that the actual revolving 
speed of the screw will be more than what is theoretically required to propel the hull at a 
certain lineal speed ; which difference or loss is termed * sUp,* and therefore the cause for 
the ' slip* is that the * side-striking * disturbs not only those currents, but also the aft 
volume. 

** Now the aft volume is the main agent in the matter of screw-propulsion, as it is the 
resistance which the screw-blades bear against to push or propel the hull forward, and it 
is evident therefore that the progress of the hull will be increased with the same velocity 
for the propeller, if the aft volume is undisturbed ; because it will then be what is termed 

* dead ' or • solid' water, or of the greatest resistance to the backward thrust of the screw- 
blades.*' 

It is therefore evident from those facts that the angle of the blade should be in 
proportion to the speed of the propeller. 

The illustrations in the Plate 41 show five plans of blades and bosses of screw- 
propellers each 15 ft. in diameter. On the top of the Plate is a plan with the blade 
horizontal, and at the bottom the blade is vertical. The arrows, R R, pointed to the blade 
are the indications of the resisting properties of the water behind the blade, or the volume 
that receives the back pressure of the propeller. The arrows, D D, that are pointed yrom 
the blade depict the resisting properties of the disturbed forward water as caused by the 
action of the blades. 

The plan A is the position of the blade when in a line with the keel, and the arrows, 
R R, are pointing, it will be noticed, in all cases in the same direction. Now, the arrows 
D D are on the front surface of the blade, and their position is always at right angles with 
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its position ; so that were the blade, as in the plan A, put in motion, the ship would not 
move forward or backward while the power to turn the screw at a comparatively minimum 
number of revolutions would be maximum. 

The diagram B shows the angle of the blade to be at 40° with the centre line of the boa 
at right angles iviih the line of keel, which is for a pitch of 40 ft., or 2'666 times the diameter. 
The arrows D D are at right angles with the blades, but the arrows R E are parallel with 
the line of keel as before. A propeller as this is would require a large power to drive it 
at a high velocity, as it closely embraces the principles of the diagram A. The diagrun 
is a greater contrast, as the pitch here is 30 ft., or twice the diameter of the screw, and 
the angle of the blade 32^°. This angle, then, being less than the one below it, the 
horizontal limit of the arrows, E R, is greater. Next the diagram D must be noticed ; 
in this case the pitch is 20 ft., or the blade set at an angle of 23^ and the ratio of the 
pitch is 1*333 of the diameter ; here the Umit of the arrows E E is longer than before, 
on account of the angle being reduced. The diagram E partakes of a similar proportion, 
as the pitch in this case is equal to the diameter, or 15 ft., and the angle 18®. Above this 
is the diagram F, which is the plan of the blade set at an angle of 12^ or at a pitch of 
only 10 ft., being '75 of the diameter ; the limit of the arrows E E is the greatest in this 
example, because the angle of the blade is the least. A screw-propeller proportioned as 
this would give extreme " positive sUp'* — say from 40 to 60 per cent. — ^unless driven at a 
very high velocity — say from 90 to 120 revolutions. Lastly of these plans to be noticed 
now is G, which shows the blade exactly at right angles to that at A; and the 
difference in these two extreme positions results in one effect, but with two limits of power 
required. We stated before that the power requisite for the propeller as at A would be 
maximum with no propulsion, and we add now, that for that at G the power would be 
minimum with the same effect, as the arrows E E and D D demonstrate. Our purpose 
here, therefore, is to explain that the angles for the blades of screw-propellers lie between 
two limits, as at A and G ; and the more acute the angle is with the line of keel the 
greater is the pitch to the diameter. 

The main question next to be answered is, what is the best angle for the blades of 
the screw-propeller? According to the present practice the best angle ranges from 
18 to 23 degrees, which results from the proportions being pitch equal diameter and pitch 
1*333 times the diameter; of course the angle can always be accurately demonstrated, 
as the diagram. Fig. 3, in Plate 1, at page 28, illustrates ; or in the absence of geometry, 
the angle can be known from 
Pitch. 

Circumference of diameter of screw. = ^^*^^ *^^^^* ^^ *^^ ^^^^^ ^^ *^^ ^^^' 
and a table of natural tangents for this purpose is given in page 264. 

The extreme limits of pitch are therefore from infinitely fine, in which the blade is at 
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right angles with the shaft, all the power being absorbed by friction, and infinitely coarse, in 
which the blade is in a line with the shaft, acting as a didc, the friction being nil ; in neither 
case does the screw tend to propel the ship. It then becomes a matter of importance to 
ascertain as closely as possible what angle is the best, and this clearly will be that angle 
where the loss by friction is just equal to the loss by oblique action. We may add, the coarse 
pitch is inyariably attended with increased sUp, and fine pitches with increased friction. 

Screw-propellers should also be pitched according to their destination for duty ; as in 
the case of a propeller for sea service the pitch should be coarser than for smooth water 
or river duty ; for in rough or agitated water the blades lose some of their efiect, and the 
angle should be greater to meet that circumstance, while with still water the angle should 
apply itself to the action of propulsion only. 

Number of the Blades. — Taking a broad view of this question, the number of the 
blades depends on the area of the propelling surface in proportion to the length of the 
screw on the line of the keel, as will be seen from the Plates in this work. We have in 
the Plate, at page 255, given five end-elevations of propeller shaving from two to six blades, 
with an equal area throughout, so that theii relative proportion can be seen at once ; and 
act as a guide for future proportions. 

The number of the blades will, to a certain extent, decide the pitch ; as, for example, 
with a two-bladed screw-propeller the pitch should equal the diameter x 1*5, but for three- 
bladed propellers the pitch = diameter x 1-33 ; while with four-bladed propellers of large 
diameters the pitch = the diameter. The draft of the water will also, to some extent, 
settle the number of the blades, as their number depends on the total efiective area, and 
that area on the diameter of the screw-propeller proportionate to its immersion. 

As to the action of the blades, in proportion to their number, that is of course 
evident from the fact that two blades only follow each other for one half of the circum- 
ference ; three blades for one-third ; four blades for one-fourth ; five blades for one-fifth ; 
and six blades for one-sixth ; and the width of the blades will be reduced in proportion to 
their number ; for were it not so, each blade would work in the water that its predecessor 
had cut-up or disturbed, while it was in that state, instead of allowing time for it to 
resume, or partially so, its normal condition. 

Action op the Water peoducbd by the Propulsion op the Ship. — This is shown in the 
Plate 41 by a side elevation and sectional plan of the hull. The elevation depicts the 
wave-line that is produced by the forward motion of the ship, as explained also in page 251. 
It win be understood that the crest portion of the wave is at the highest limit of the surface 
line, and that in the present case there are two crests at the bow and two at the stem of 
the port and starboard quarters. This occurs chiefly with sea-going steamers, as the 
natural agitation of the waves tends to assist in the production of the fore and aft crests 
against the skin. 

2l 
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The sectional plan in the Plate illustrates the form or lines of the hull at the line of 
flotation, and how the water is separated by the advance of the bow cutting into it, 
and thus causing the crests alluded to at that part. The surface of the water, it will be 
seen, is depicted as rolling over and over, or fold over fold — as also explained in page 4 
of this work by the writer — ^and continuing in that state from the bow to the stem. 

Now it must be distinctly imderstood that the production of this results from the bow 
to the midship section only ; but as the ship advances, the after part moves tiirough the 
water thus set in motion by the forward part ; and as the ship is shown as if she were 
moving forward, the waves are shown as continual for the entire length of the hull, and 
beyond it aft. 

We explain next the action of the water as caused by the revolving and advancing 
motion of the screw. The result from this is somewhat doubtftd as a rule, because the 
exceptions occur according to the shape of the immersed portion of the ship and the speed 
of the screw. We have in the Plate shown the general action, which is that the vobme 
driven hack hy the screw is equal to its diameter minus that of the boss, and is formed into a 
partial vortex until reaching the rudder, and when there it is divided into streams which 
unite when past the rudder ; and resume the vortical condition. 

Of course, when the rudder is at an angle the ship is turning towards it, and the 
stream caused by the propeller is divided unequally, instead of as shown. Another feature 
is, that the less the screw impels the water back from it, the more " hold " tlie rudder 
has to steer the ship. 

Now the formation of this vortex will, of course, be subject to the number of the 
blades, because with the two-bladed propeller the volume set in motion by each blade is 
the greatest, while with the six-bladed propeller it is subdivided into two parts, and thus 
the vortex will be reduced. This reduction, however, is not always figivourable for 
propulsion, because the two extra blades between the two originals cut up the water, and 
thus lessen the resistant property of it; but with the two blades only, the volume, 
although carried around by the blade, remains nearly solid while in contact with it, and 
thus the vortex is a resistant for the propeller to press against. The shape of the vortex 
lengthways is as a cork-screw whose diameter is gradually reduced to a point, and this 
formation is due to the surrounding volume pressing on the water put in motion by the 
blades. Therefore the volume gradually absorbs the force generated, and thus reduces the 
vortex to the common condition. 

Our conclusion, therefore, on this question is, that the two-bladed propeller is the 
most efficient for blades of the Griffiths' shape, because the volume set in motion by them 
is situated midway, or central of the length of the blade from the boss to the tip, and 
for blades nearly approaching that shape three is the correct number, while, if using 
four blades, they should be of the natural form with the leading comers curved back. 
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CHAPTER XXn. 

bules foe the peopoetionino op sceew-peopellees. 
By N. p. Buegh. 

WE have in this Chapter set out the rules for the proportioning of screw-propellers 
according to the best and modem practice, and in order to make them of real use^ 
the formulae are constructed from the examples of propellers we have illustrated in this 
work ; for as we have illustrated the best types of almost every size, including the largest 
and the smallest, that have given the best results with the least indicated horse power, 
those evidences, therefore, are reliable as a guide for future practice. 

The character of these rules are perfect as far as the present practice admits, which, 
although scarcely perfect of itself, is a great advance over that of a few years ago, and 
will therefore lend no little assistance for the further development of screw-propulsion. 

The principle on which the formulas are founded is the consideration of the most 
important fimctions relating to the propeller on which its eflBciency depends, combined 
with the economy of material and expense of manufacture. 

The fimctions consist of, in the main, the indicated horse-power, diameter of the pro- 
peller, diameter of the boss, area of the blade surface, and shape of the blade. Attending 
these are the mechanical matters that relate to the material and the simplest mode of 
construction and fitting, both of which should be dependent on the feature of repair, for 
if that is neglected, the cost when repair is required may exceed the first outlay of 
capital, which of course is of commercial importance. 

We have commenced with a Table of the ratios of the proportions, which are taken 
from the Tables in Chapter XX, and thus are brought into the present application; next 
the question of power in relation to the duty of the propeller has been explained, and, 
finally, the rules for practically deciding that matter successfully. Of course, in any case, 
the form of the ship will afiect the proportion of the propeller, and the engineer, in using 
these rules, must remember to what form of propeller and hull they refer, which is 
mentioned in all cases of quotation. 
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Tabular Statement of the Ratios of the Peopoetions of Modben Scebw-peopellbes 

illusteatbd in this "woek. 







Indicated 
bone-power. 


Indicated 
hone-power. 


Diameter of 

PropeUer in 

feet. 


Area of the Pro- 
peller's Diameter 
in sqaare feet. 


Nominal 
horae-power. 


Indicated 


Aresof oneBlade 
in square feet 


Ana of cas Blade 
in aqnare teat 


Befbrenoes. 


Tn*Al Arm^l^ 




Nominal 
horae-power. 


Diameter of 

Boaein 

feet. 


Area of Blades' 

surface in square 

feet. 


Area of Blades' 
surface in 
square feet 


Area of Blades' 

surface in square 

feet. 


Thickness of the 

Blade at root in 

inches. 


Seeorinc &(■<(• 
for «aie Blade is 
square inchea. 


Plate 
18 


P.g« 
124 


6193 


4-587 


6- 


3-826 


9-92 


45-536 


8-4 


•258 


19 


125 


6867 


5-086 


5-844 


3-416 


9-79 


49-76 


8-88 


•348 


20 


127 


6000 


6- 


5-75 


3-054 


7-858 


44-117 


8-57 


•844 


16 


122 


2516 


5032 


4- 


2-827 


5-5 


27-956 


8-75 


125 


B 
A 


17 
15 


1475 
502 


4-214 
6-275 


5- 

8-77 


3-418 
8-546 


61 
5- 


25-877 
81-875 


2-11 
1-96 


Aieaof Beck 
-244 
•724 


15 


106 


... 


... 


4-64 


2-40 


2-1 


'... 


8-16 


•622 


15a 


109 


537 


6-87 


4-098 


2-208 


5- 


26-85 


2-03 


•539 


12 


81 


6705 


6-705 


4-181 


4-850 


10-47 


70-209 


4-84 


•401 


11 


79 


6065 


6065 


8-588 


4-19 


10-084 


61-163 


4-958 


•811 


21 
10 


129 

77 


5092 
2871 


4073 
5-742 


3-645 
8-6 


3-769 
8-742 


10-416 
7-5 


42-483 
42-22 


608 
5-66 


Aim of neck 
•286 
8207 


25 
S2 
84 
IS 


138 
162 
164 
100 


2249 

1698 

552 

317-32 


4-498 
4-425 
8-68 
8-966 


4- 
5-2 
4-958 
4-499 


8-677 
5-404 
4-29 
4-897 


7-225 
9-285 
8-338 
6-151 


82-5 
4-428 
30-66 
24-41 


5-766 
8-5 
2-6 
2- 


Aresof neck 

•224 
Areftofnedc 

•152 
Am of neck 

•203 

•441 


23 


186 




• •• 


2-614 


8-668 


6-640 


... 


1-92 


•544 


9 


75 


1772 


4-43 


8- 


2*84 


5-65 


25-028 


2-95 


None. 


C 


17 


458-5 


5-781 


4-833 


2-293 


4-44 


25-472 


1-87 


None. 


8 


74 


603 


1-728 


9-64 


5-026 


8-75 


15-075 


5- 


NOM^ 


17 


128 


2400 


6- 


4- 


2-68 


5-838 


32- 


8-083 


None. 


14 


102 


770 


4-4 


4-9 


2-848 


6-75 


25-829 


1-97 


Nooc 


15b 


111 


18-75 


2-29 


7-27 


2-134 


2-6 


5-978 


-681 


Nook 


D 


20 


15-866 


2-561 


6- 


2-454 


8- 


7-68 


-666 


None. 
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Peopoetion op the Indicated Hoesb power to the Nominal, — This is the first 
conclusion the engineer determines when about to settle the proportion of the screw- 
propeller for a certain ship ; because the indicated power is the achud duty that the 
engines are required to perform, and is likewise the strain that the propeller will have to 
resist. The practice in the present day is to settle the indicated horse power /r^f, and 
then use a constant to proportion the nominal to suit the taste of the purchaser. In some 
cases the indicated power is stipiQated to be 6 times the nominal, and in others only 4 is 
the constant named. 

Taking the fourth column in the Table in the preceding page as a practical evidence 
of the results obtained, we find that 6*705 is the highest constant, and 1*723 is the lowest, 
but that 4*5 to 5 are the most general ; so that if the nominal horse power is multiplied 
by 4 for merchant ships, and 6 for war ships, a correct proportion for the indicated horse 
power will be obtained, according to the best practice at present. 

Diameter op the Propeller-boss. — ^According to the Table under notice, the best and 

most universal practice is — ^-2 — 2 = diameter of the boss, using the 

4 to o 

smaller constant for small and the larger for large propellers. 

Example 1.-" Minotaur." Dimeter = 24 ft. ^ ^ ^^ ^^^^^ ^^ ^^^ Four-bladed 

constant = 6 common. 

Example 2.-*' Lord Warden." ^^^"T^L =5-5= .. .. '^^^^'^ 

*^ constant = 4181 Griffiths. 

Example 3.-««Charkieh." Diameter = 1575 ^ g.^^ ^ Six-bladed 

^^*^ constant = 5' common. 

Example 4.-D. S. T. S. S. .5i^??*?Lz^ = 1-834 = „ „ '^^^H^^ 

^ constant = 4*098 conmion. 

Area op the Blades' Surpaoe. — ^An approximate rule is to consider the area of the 
diameter of the screw as a dividend and a constant as a divisor to produce the area of the 
blade surfiEice. This constant is in the Table as found by that formiQa ; therefore to define 
the area of the blades' surface = 

Area of the propeller's diameter 
3'5 to 3 for large and 2' 75 to 2 for small propellers* 

Example l.-« Minotaur." Area of diameter = ^2-39 ^ ^3^ ^ ^^ ^^ ^j^^, ^^^ 

constant = 3o26 

1? 10 «T j-oT J „ Area of diameter = 415"47 ^^.r 

Example 2. — "Lord Warden." r—^ = 95'5 = „ „ 

constant = 4'o5 



Are a of diamete r = 194*82 
constant = 3*418 



Example 3.-« Charkieh." Area ot ammeter =ivj;gz ^ 57. ^ 
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Example 4.— D. S. T. S. S. Area of diameter = 44' 17 ^ go = area of blades* surface. 
^ constant = 2-208 

Another rule is shown in the Table also ; it is : Area of blade surface = 

Nominal horse power 
5 to 9 
using the smaller number for the lowest ratio of indicated power to the nominal, as shown 
in the Table also. 

Ti 11 .. ir- X M Nominal horse power = 1350 ,^^ /.i^i j t .^ 

Example 1. — " Mmotaur." 1 t - 9-92 ^ areaof blades' surfiace. 

Ti 1 r. ,. -r n ^^ , <• Nominal horse power = 1000 ^^ ^ 
Example 2.-« Lord Warden." constant = 10'47 = ^^'^ = » 

^ t ^ ..^11.,.% Nominal horse power = 350 ^^ 
Example 3.-«Charkieh» constant = 6>1 =5^ = 

XI ^ A Tx o m » o Nominal horse power = 100 ^ _ 
Example4.-D.S.T.S.S. constant = 5 = ^0 = 

When the area of the immersed midship section of the hull is considered in relation 
to the area of the blade surface, then the formula will be : Area of blade sur£Etce = 

Area of midshi p section 
10 to 8 

T. t ^ ..-»r. •• Area of midship section = 1322 ^^^ -,, , 

Example 1 . — " Minotaur." 7 — 7 — ^ ^oa = 136 = area of blades. 

^ constant = 9720 

Wor«r.ioO "Won.;^^" Arca of midship section = 1260 

Example 2.-" Wamor. constant = 10-5 = ^^^ = '' " 

t^ 10 «/n 1 . 1 f. Area of midship section = 462 ^^ 

Example 3.-«CliarkieV' constant = 8-i 05 = ^^= " » 

-_ - ^ . T^ , . „ ^^a of midship section = 424 ^^ ^ 

Example 4.-" Ruahme. ^^SS€itVi3-947 = ^^'^ = " - 

These constants are taken from practice in the Royal and Merchant Navies, where 
the engines indicated from 6 to 4*5 of the nominal horse power, and the speed of the ships 
was from 14 to 15 knots per hour. 

Thickness op the Blade at the Root. — The material, length, and area of the blade 
determine this in aU cases; but as the area of the blade is subject to its length in 
particiQar, the latter limit is dispensed with in this formiQa, and the area only considered ; 
therefore the thickness of the blade at the root in inches = 

Area of blade in feet 
4 to 2, 
the higher constant being for wrought iron and gun-metal, and the lesser for cast iron. 
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-_ -.r. s« Area of blade = 34 

Example 1. — " Minotaur. — atant- 3-4 ~ ^^ ~ thickness at root. 

Ti 1 ^ ..T n^ . „ Area of blade = 47-75 

Example 2.-" Lord Warden." ^^tantV¥34- = ^^ = " 

nr. , « , ^ 1 . 1 ,» Area of blade = 9*5 

Example 3.-" Charkieli. constant = 211 = ^'^ = - 

x^ , . ^ o. m o. o. Area of blade = 6*67 ^ ^^ 

Example 4.-D. S. T. S. S. constant = 2-03 = ^'^^ = » 

Total Abea op the Securing Studs fob each Blade. — This depends in some measure 
on the diameter of the blade-flange, but from the examples illustrated in this work and 
the Table on page 260, the area of the securing studs in square inches for each blade - 

Area of the blade in s quare feet 
^313 to^WJ 
using the lesser decimal constant for the narrow blades, and the greater for wide short 
blades, as will be seen from the Plates. 

Example 1.—" Minotaur.*' Area of blade = 3 4 ^ 134.435 = area of studs in inches. 

constant = '253 

Example 2.—" Lord Warden.** ^^^ ^^ ^^^ = ^^'^^ = 153-936 = 

^ constant = -409 * 

Example 3.—" Charkieh." Are a of bkde = 9'5 ^ gg.^g^ ^ 
^ constant = '244 

Example 4.-D.S.T.S.S. Area of blade = 6-67 ^ ^^.3^3 ^ 
'^ constant = '539 

Of course, as all the constants given in the preceding rules are taken from past practice, 
and as the circumstances are expressed, any fiiture practice embracing those circumstances 
will give similar results as before ; and for that reason the Tables commencing at page 231 
must always be alluded to for the detail matter and the Plates for the shape and applica- 
tion ; indeed the information is so complete that a screw-propeller of any size and form 
can be correctly designed from the examples illustrated and tabulated. In applying the 
constants for exceptional practice, care must be taken to remember the attendant facts 
so as to act in accordance with them ; but taking the constants in round numbers for 
general use, or as an approximation on the safe side for sufficient strength, they are prac- 
tically correct. The factors for safety, therein coincident, range from 8 to 10 as the general 
practice ; while in some cases 12 has been used as a multiplier, above the breaking strain 
of the material applied. 

The following Table will be a guide for a conclusion as to the proportion of the 
engine power to the diameter of the screw-propeller according to the present practice. 
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Table op the Pbopoetions op the Engine Powbe to the Diambtbes op the Scbew- 

peopbllebs, illusteatbd in this woek. 



Bsrerance 


Nominal bone-power. 


Indicated hone-power. 




Nominal hone-power. 


Indicated hone-power. 






Beference 






Namb«n. 


Diameter of Screw- 


Diameter of Screw- 


Nomberi. 


Diameter of Screw- 


Diameter of Sciew- 




propeller in feet. 


propeller in feet. 




propeller in feet. 


propeUarin feet. 


Plate 


Page 






Plate 


Page 






18 


124 


56-25 


258-041 


25 


138 


27-778 


124-945 


19 


125 


55102 


280-28 


82 


162 


23-529 


99-882 


20 


127 


43-478 


260-87 


84 


164 


15-12 


55-65 


16 


122 


27-8 


139-78 


13 


100 


8-89 


35-257 


fi 


17 


22-23 


98-65 


23 


136 


8-334 


... 


A 


15 


9-412 


59-058 


9 


75 


25- 


110-75 


15 


106 


12-5 


... 


C 


17 


11034 


63-241 


15a 


109 


13-3 


71-602 


8 


74 


21-875 


37-6875 


12 


81 


48-478 


291-521 


17 


123 


25- 


150- 


11 


79 


43-478 


263-7 


14 


102 


16-6 


73-84 


21 


129 


52-083 


212-167 


15b 


111 


2-4 


5-5 


10 


77 


27-778 


159-5 


D 


20 


2-4 


61-44 



To DETERMINE THE AnGLB OP THE BlADE WHEN THE PiTCH AND THE DiAMETER OP THE 

Screw-propeller are known. 
The angle of the blade' of any screw-propeller is coincident with the natural 
tangent of the arc of the circle of the circumference of the screVs diameter ; hence this 



= natural tangent in relation to 



rule : Angle of the blade = -r ;; ^^ ^ , — 

circumference of the diameter 

the angle. 

And from this Table of natural tangents the angle can be known. 

Table op the Angles op Blades that are coincident with the Natural Tangents given. 



Angle of 
BUde in 
degreei. 


Natural 
Taogeot. 


Angle of 
Blade in 
degrees 


Natural 
Tangent. 


An^^eof 
Blade in 
degrees. 


Natural 
Tangent 


Angle of 
Blade in 
degrees. 


Natural 
Tangent 


Angle of 
Blade in 
degrees. 


Natural 
Tangent 


Anc^of 
Blade in 
degnm 


Nataral 
Taacat 


1 
2 
3 
4 
5 
€ 
7 
8 


•01745 
•03492 
•05240 
•06992 
•08748 
•10510 
•12278 
•14054 


9 
10 
11 
12 
13 
14 
15 
16 


•15838 
•17632 
•19438 
•21255 
•23086 
•24932 
•26794 
•28674 


17 
18 
19 
20 
21 
22 
23 
24 


•30573 
•32491 
•34432 
•36397 
•38386 
•40402 
•42447 
•44522 


25 

26 
27 
28 
29 
30 
31 
32 


•46630 
•48773 
•50952 
•53170 
•55430 
•57735 
•60086 
•62486 


33 
34 
35 
36 
37 
38 
39 


•64940 
•67450 
•70020 
•72654 
•75355 
•78128 
•80978 


40 
41 
42 
43 
44 
45 


•83909 
•86928 
•90040 
•9S251 
•96668 
1-00000 



Example 1. — "Warrior." — Screw-propeUer 24 ft. in diameter, pitch 30 ft. and — 

24 X 31416 = 75-398 = circumference ; then ^^^ = *3978, the natural tangent in rek- 

75 o98 

tion to the angle of 22^ nearly, or 21® 40', which is the angle of the blade of the "Warrior's" 

screw-propeller. 
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Example 2. — " Minotaur." — Screw-propeller 24 ft. in diameter, pitch 25 ft., and 

25*0000 
75'398 = circumference ; then -^^^qT^q = '3315, the natural tangent in relation to the angle 

18^-5 nearly, or 18** 28' which is the angle of the blade of the " Minotaur's" screw-propeller. 

To DETERMINE THE PiTCH WHEN THE DiAMETEB OF THE SCBEW AND THE AnGLE OP THE 

Blade are given. — This problem is exactly the reverse of that preceding it, so that to 

,, • xr -x 1 1 .1 1 . , Circumference of the screw's diameter 

determme the pitch when the anrie is known = — : — ri r-- rr^ — :— zii r* 

'^ ° natural tangent m relation to the angle 

Table op the Pbopobtions op the Length op the Blades on the line op Keel to the 
Pitch, op the Modebn Scbbw-pbofellbrs Illustbatbd in this Wobk. 







Pitch in f«et 






Pitch in feet 






Pitch in feet 






Pitch in feet 


tuttttoett. 


Length of Blade 


Befartnoea. 


Lenxth of Blade 




Length of Blade 


Rafhnneea. 


Length of Blade 




in feM online of 




in feet on line of i 




in feet on line of 




in feet on line of 




KaeL 




KeeL 




KeaL 




Keel. 


PUte 


Page 




PUte Page 




Plata 


Page 




Plata 


Page 




18 


124 


12-75 


15 


106 


6-66 


25 


138 


5085 


C 


17 


5-66 


19 


125 


18-25 


15a 


109 


6 


82 


162 


7-9 


8 


74 


6 


20 


127 


13-63 


12 


81 


5-529 


34 


164 


... 


17 


123 


609 


16 


122 


5-939 


11 


79 


4-947 


13 


100 


9-981 


14 


102 


6-76 


B 


17 


19-5 


21 


129 


6 


23 


186 


6-208 


15b 


111 


8- 


A 


15 


4-813 


10 


77 


6-372 


9 


75 


6-519 


D 


20 


12-96 



Genebal Rules pob common Scbew-pbopellebs. — Diameter of the screw of course is due 
to the depth of immersion of the vessel at the stem ; the extremity of the blade should be 
immersed -j^ of its diameter, as a guide for setting out the proportions, but practical 
demonstration proves that in a heavy sea this rule is often deviated from, according to 
the susceptibility of the vessel to the action which is enforced by the sea. The following 
rules are deduced from practice, consequently may be relied on : 

Diameter of screw = stroke of engine x 6 to 5. 

Pitch = diameter x 1'5 to 1*25 to 1 for quick speeds. 



Length of blade on line of keel = 



pitch of screw 



For 2 blades 5 to 6, for 3 blades 7 to 8, for 4 blades 
9 to 12, for 5 blades 14 to 15, for 6 blades 16 to 19. 
Diameter of forward bearing = diameter of crank shaft x 1*25 as a minimum. 
Diameter of boss = diameter of crank shaft x 2 as a minimum. 
Width of T coupling = diameter of shaft x '75 

Diameter of T coupling = diameter of screw 

^ ^ 5to6 

Thickness of blade at the root = 2 inches for a screw 4 feet in diameter, increa^jing 
from this ^ of an inch per foot for gun-metal. 

thickness at root 



Thickness of blade at the tip = 



3 to 4 

2 M 
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Table of the Pbopoetions op Geifpiths' Sceew-peopbllbbs. 



Diameter 


Diameter 


Metal 


Metal between 


Width 


Thickness 


Thickness 


Width 


Thickness 


HeUlia 


Thidmasof 


of 


of Shank 


round 


Flange and top 


of Main 


of Main 


of Feather 


of small 


of small 


Cheek which 
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Tabular Statement of the Particulars that ESPECLiLLT relate to the Power and Speed 
OP two Merchant Mail Ships, one being fitted with a Six-bladed Screw-propeller, and 
the other with Twin Threb-bladed Screw-propellers, by Messrs. Rennie and Messrs. 
Dudgeon. 





1-s 


Area of Mid- 
ship Section 
in square feet 


Indicated 
Horse-power 
of Engines. 


Indicated 


Displacement 




Area of Midship 
Section in sq. ft 


8peed» X 
Mid-section. 






Horse-power. in tons. 




Name of Ship. 


TotalAreaef Pro- 
pelling Surface 
in square feet 


Area of Mid- 
section. 


Indicated 
Horse-power. 


Indicated 
Horse^power. 


Indicated Horse-power. 


" Charkieh." 
" Ruahine." 


2200 
1850 


462 
424 


1475 
1540 


3192 
3-632 


1-491 
1-2 


11-4 
13 


8105 
10-408 


459-303 
604*88 


169-9 
215-4 



Remabks. — The Propeller fitted to the Steam-ship << Charkieh" is illustrated bj Plate B, at page 17, 
and the Steam-ship ^' Raahine's" Propeller bj Plate 14 at page 102. 
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Tabular Statement op the Particulaes that especially relate to the Indicated Power 
AND THE Speed op Four Modern Iron-clad Ships in the Royal Navy, Bnoined by 
Messrs. Penn and Messrs, Maudslay. 



Name of Ship. 






Indicated 
Horae-power. 



Area of Mid- 
ship section. 



Displacement 
in tons. 



Indicated 
Horae-power. 






Area of Midship 
Section in sq. ft. 



Total Area of Pro- 
pelliog Surface 
in square feet. 



Speed* X 
Mid-section. 



Indicates 
Horse-power. 



Speed? X ^displacement' 
Indicated Horse-power. 



H.M.S. 

•'Minotaur." 

" Agincourt." 

" Warrior." 

" Bellerophon" 



10275 
9000 
9214 
7369 



1322 
1187 
1260 
1207 



6193 
6867 
5092 
6199 



4-684 
5-785 
4041 
5185 



1-659 
1-3106 
1-809 
1-1818 



14165 
15-433 
13-936 
14053 



9-713 
8-6 
10-5 



606-718 
635-381 
669-72 
540-371 



216-616 
231-242 
232-809 
169-229 



Remarks.— The "Minotaur's" and " AgincourtV Propellers are shown by Plates 18 and 19, at pages 124 and 125, 
and the " Warrior's"by Plate 21 at page 129. The " BellerophonV Propeller b a two-bladed Griffiths, 23 ft. 6 in. in 
diameter, and set at a pitch of 20 ft. a in., and fitted by Messrs. Penn. 

Rule fob the coefficient of Pebfobmanoe of a Steam-ship in belation to the Midship 
SECTION. — The cube of the speed in knots per hour, multiplied by the area in feet of the 
immersed midship section of the ship, and divided by the indicated horse-power = the 
coefficient of the performance. 

Rule fob the coefficient of Pbbfobmancb of a Steam-ship in relation to the Dis- 
placement, — The cube of the speed in knots per hour, multiplied by the cube root of the 
square of the displacement in tons of the ship, and divided by the indicated horse-power 
= the coefficient of performance. Or either use this rule : 

The square of the cube root of the displacement, multiplied by the cube of the speed, 
and divided by the indicated horse power = the coefficient of the ship's performance. 

The two coefficients can be seen from the Tables on this and the preceding page ; 

their sums in general are = .-.r. — —.-^ = 500 to 650, and in some cases as low 

'^ indicated horse-power 

as 450 and as high as 700. And from the speed» x ^^displacement ^ 200 to 220, and in 

indicated horse-power 

some cases as low as 150 and as high as 300. 

To obtain a mean coefficient of the two results, add them together and divide by 2. 



Rule fob the Indicated hobse-powbb to pbopel a Ship when the Speed, Displacement in 
tons, and Abea of the immebsed Midship-section abb given. 



[ Speed* X mid-section -| p Speed* x y^displacement* "! 
coefficient. J L coefficient. 
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Rule foe the Speed op the Ship when the Displacement in tons, Area of 
Midship Section, and Indicated Hobse-powbb are given. 



r J CoeflBcient of Indicated -. p CoeflBcient of Indicated 

I midship-section horse-power I + I . displacement horse-hower 
Area of mid-section. -I ^ \l CoeflBcient of displacement 



J 



Rule for the Area of the Blades of the Screw-propeller when the two prbcedino 

Rules are applied. 

Area of immersed midship-section. 
8-6 to 9 for 2 blades, 9-5 to 10 for 3 blades and 4 blades, and 10 to 10-5 for 

5 and 6 blades. 

The area of blades with twin-screws is less than for single screws to about 4 to 6 
per cent. 

Table of the Leading Particulars concerning the Speed op the Ships Enginbd by 

Messrs. Maudslat, Sons, and Field. 
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•8 
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"^1 


3 
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a 




•t1 


^1 


1 




1 


Is. 

■si 


ii 




Name of Ship. 


1 


1 




ri 
^ 


^ 


i 


"Sg 

II 




^ 


4 

t 


& 

Si 

11 






Ft In. 


Ft 


In. 




Ft In. 




Ft 


Ft In. 


Ft In. 








1 


« Octavia." 


252 4 


52 


6 3142 




19 bi 


... 


56 


18 


20 


2264 69-5 


12-251 


2 


"Koyal Alfred." 


273 


58 


5 |4045 




24 8 


... 


96 


19 


27 6 


870860-88 


12-528 


8 


" Prince Consort." 


278 


58 


5 


4045 




... 


... 


96 


21 


27 6 


423456-5 118119 


4 


" Agincourt." 


400 


59 


3 


66219000 


24 2 


1187 


188 


24 6 


23 8 


6867.61-5 15-488 


5 


« Affondatore." 


295 


40 





2306 




20 5 


... 


72 


18 


21 6 


8666'66- 12-863 


6 


"Lord Warden." 


280 


58 


9 


4067 


... 


25 8 


... 


115 


23 


21 4^ 


6705'63-827 18-496 


7 


" Penelope." 


266 


60 





3076 


... 


16 6 




60 


Tirin screw 
14 
28 


15 6 


4702 108 12-76 


8 


"KonigWilhelm." 


856 


60 





6127 


9600 


26 6 


1818 


115 


22 6 


8844 64- 14-71 


9 


« Rostoff." 


258 


38 







2800 


17 2i 


510 


40 


18 


17 


606 


62125 


8-74 


10 


" Sinus." 


212 


36 





1268 


... 


13 11 


... 


85 


15 


15 6 


2293 


98-21 


18-268 



Remarks, as to the form, 


No. of Blades, and type of Propeller. 


1. Two-bladed Griffiths' Screw. 

2. Two-bladed „ „ 

8. Four-bladed Screw with increasing Pitch. 

4. Four-bladed „ „ „ 

5. Four-bladed „ „ „ 




6. Four-bladed Screw with increasmg Ktch. 

7. Two-bladed Griffiths' Screw. 

8. Four-bladed Screw witii increasing Pitch. 

9. Three-bladed „ „ „ 
10. Two-bladed Griffiths' Screw. 
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Table op the Leading Pabtioulabs concerning the Speed op the Ships Enginbd by 

Messes. Penn and Son. 



9 
10 



Name of Ship. 



« Great Britain." 



" Himalaya." 

" Kron Prinz." 

*• Independencia." 

" Victoria." 

"ArapUes." 

" Anuinios." 



" Behere." 

" Laeareff." 
•* John Penn." 



Ft. In. 
289 



840 6 

286 

215 

316 

279 4 

200 



260 

260 
140 



I 



Ft In. 
51 



46 li 
50 
44 6 
57 
54 
85 8 



85 

85 9 
22 6 



8500 



8504 
3404 
2004 
4862 
3546 
1230 



1558 

1650 
840 



.9 



2970 
At 16 ft. 
draft. 
3350 
5600 
2960 
6674 
4789 
1670 



1700 

8220 
865 



I 



Ft 
19 



2 
6 

S| 

2 

8 

lOi 



15 li 

20 2 
6 



3 



Sq. Ft 
689 



574 

1024 

760 

980 

827 

486 

Foul 

bottom. 

426 

685 
125 



i! 



I 



li 



I 



Sq. Ft 
70 



77 
83 
60 
70 
70 
85 



72 

69 

16 
For two 
screws. 



Ft. lo-i Ft. In. 
16 19 6 



18 
21 
18 
20 
19 
13 



15 10 



18 
5 



28 
23 
24 
28 
29 
17 



17 

19 
8 6 



n 



^8. 



1450 



2105 
4868 
2208 
4246 
8236 
1867 



1700 

780 
335 



1^ 



a 



20 Engines. 
60 Screw. 

57i 
69 
60 
66 

58 
87 



78 

68 
176 



Bemarks, as to the form, No. of Blades, and tjpe of Propeller. 



Rules applicable to Fbathbbing Paddles working in undistuebbd water. — To deter- 
mine the proper area of a pair of feathering floats for the paddle-wheels of a given vessel, 
to be driven at a given speed, with a given slip, the paddles working in water that is not 
sensibly disturbed by the ship. 

Calculate according to the principles explained in page 252, the probable resistance 
of the ship at the intended speed. 

Divide that resistance by the intended speed of the centres of the paddle-floats rela- 
tively to the water (or slip), by their intended speed relatively to the vessel (or sum of the 
speed of the vessel and the slip), and by the mass of a cubic foot of water, viz. — for 
resistance in lbs., and velocities in feet per second, 2 ; and for resistance in lbs., and velo- 
cities in knots, 5|. 

The quotient will be the required area in square feet. 



h 
It 

II 



11 



13-87 

14-25 

11-98 

18-716 

12-7 

11-268 



13-398 

9-78 
9*92 



1. Two-bladed Common. 


6. Two-bladed Griffiths'. 


2. Two-bladed „ 


7. Two-bladed 


8. Two-bladed Griffiths'. 


8. Fonr-bladed Mangin. 


4. Two-bladed „ 


9. Three-bladed Common. 


5. Two-bladed „ Wronght-iron Blades. 


10. Common, twin screw. 
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To solve the same question, when the vessel is so proportioned that her resistance 
depends on her " augmented surface *' only. 

Divide the augmented surface by the ratio which the intended slip bears to the 
intended speed of the vessel, by the ratio which the intended speed of the centres of the 
floats bears to the intended speed of the vessel, and by the constant 566 : the quotient 
will be the area required. 

In diflTerent states of the ship's bottom the constant divisor may have diflTerent values, 
which, in the present state of our experimental knowledge, may be taken as ranging 
between 500 and 600, 



Example (from the steamer " AdmiraW) 

Aagmented surface ..... 

Intended ratio of slip to speed of vessel 

Intended ratio of speed of centres of floats to speed of vessel 



8560 square feet. 

. 0-28 

. • 1-28 



8560 



/^ ^r. ^ r^o i.;r^ - 42 square feet, required area of a pair of floats ; giving 21 square feet 

0'2o X Vlo X ODD o o ^ 

for a single float. The actual floats measured 7 feet broad and 3 feet deep. 

Rule to find the Power eequibed to drive the Paddles. — ^Multiply the estimated 
resistance of the vessels in lbs. at her intended speed, by the speed of the paddle-floats 
relatively to the vessel (that is, by the speed of the vessel plus the slip), in feet per second; 
this will give the required power in foot-lbs. per second, exclusive of friction. To include 
ftiction of mechanism, from 0*25 to 0*30 of the power exclusive of friction, may be added: 
the sum will be the required indicated power of the engines. — EanJdne. 





Table 


FOE Featheeing Paddles. 






BatiMof 


Slip to— 


Ratio of Speed of 


Efficiency of Paddles, 


Ratio of Angnxnted 






Paddles x Slip to Square 
of Speed of SUp. 


flnrfuHi nt V«wMi1 tn Ahm aI 


Speed or SUp. 


Speed of Paddles. 


Deglecting Friction. 


a Pair of Floats. 


0100 


0-091 


0-1100 


0-909 


62 


0125 


0-111 


0-1406 


0-888 


80 


0150 


0-180 


0-1725 


0-870 


98-] 





0175 


0149 


0-2056 


0-851 


116 


§; 


0-200 


0-167 


0-2400 


0-883 


186 


s 


0-225 


0-184 


0-2756 


0-816 


156 


«3 


0-250 


0-200 


0-8125 


0-800 


177 


f 

■§■* 




0-275 


0-216 


0-3506 


0-784 


198 


0-300 


0-231 


0-8900 


0-769 


221 


0-325 


0-245 


0-4306 


0-755 


244 


s» 


0-350 


0-259 


0-4725 


0-741 


267 


*T3 


0-375 


0-278 


0-5156 


0-727 


292 


0-400 


0-286 


0-5600 


0-714 


8I7J 


8 


0-425 


0-298 


0-6056 


0-702 


848 ' 


0-450 


0-310 


0-6525 


0-690 


8*^9 


0-475 


0-322 


0-7006 


0-678 


397 


0-500 


0-388 


0-7500 


0-667 


425 
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AN APPENDIX TO CHAPTER XV. 

feathebino scbew-pbofelleb. 
Bt Mb. Bobebt Gbiffiths. 

THIS arrangement is illustrated by Plate L, and consists of a method by which the 
blades of any screw-propeller can be made to set at any fixed position that is required 
to offer the least resistance to the passage of a vessel when imder sail only, and also to 
set the blades at the most convenient angle for the propulsion of the ship. 

To effect those attainments, the blades of the propeller are formed separately from 
the boss, with shanks, or necks at the flange, which are inserted into corresponding 
sockets cast with the boss. And thus the blades can be turned on their seats from an 
• angle or " pitch,** suitable for propulsion, or in a line with the keel. This movement or 
" turning** of the blades is produced by keys that are inserted through the sockets and 
shanks ; and thus connects them together in one direction ; the keys also project through 
apertures in the sockets at opposite sides, and those apertures are so formed as to 
allow for the partial rotation of the shanks, so that the blades can be set from the greatest 
angle to the position in a line with the keel. 

These keys of course secure the blades also, but to make that matter still more 
certain, the shanks of the blades are twin-Aa//'-flanged, with inverted angular edges, as 
shown in the sectional elevation, and in the plan that the boss is made to correspond. 
The gain by the two modes of securing the blades is that the studs, bolts, and nuts, as 
now generally used, can be omitted entirely. 

To cause the blades to make the partial rotation on their seats, that is necessary to 
place them in the required positions, the shank-keys are connected by links and pins to 
the screwed collar mthin the boss. This collar surrounds a hoUow-screwed-tube that 

2n 
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fits on the parallel portion of the boss that surrounds the shaft. The aft end of the tube 
is grooved, forming double collars, and receives between them a brake-band, to which is 
fitted a stop-rod and an indicator-rod as shown. Now the brake-band is the entire cause 
alluded to, which is this, that on screwing the stop-rod down against the hose or upper 
portion of the brake, the looped portion below presses also in the groove, and thus the 
hollow-screwed-tube is held stiU ; and by that means when the shaft revolves, the screwed- 
collar moves in a coincident direction, and the blades are simultaneously turned on their 
seats. The grooved portion has also an eccentric groove in it, into which the end of the 
indicator-rod rests, and should the brake permit any slip, that occurrence would be indi- 
cated by the rise and fall of the rod, and thus if it were in connexion with any contrivance 
in the engine-room, the person in charge could observe the recording of the fact. 

It must be understood also that the brake-band must be released directly the collar 
is at either extremity of the screw on which it works ; as the use of the brake is to alter 
the angles of the blades only, and not to hold them in position. 
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